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Abstract 
Large scale distribution of species, such as the latitudinal diversity gradient, has fascinated biogeographers 
for the last two centuries, and a plethora of explanation for the patterns has been given. To this day the 
debate on the factors shaping the patterns is still ongoing. The purpose of this study is to investigate the 
spatio-temporal patterns of the climate stability, on a global scale, for the last 65 million years, and 
whether the tropical conservatism hypothesis may explain some of the large scale distributional patterns of 
species. This is done by using simulated paleoclimatic reconstruction, from Atmospheric-Ocean coupled 
General Circulation Models, from six different time periods, the oldest period being 65 million years ago. I 
use GIS-software to track the movement of the continents, to be able to analyze the climate for each grid 
cell through time. I use different climate classification schemes to classify the climate into biomes, in order 
to calculate the extent of the biomes, the age of the biomes and how many changes of biomes there have 
been through time. I also calculate the coefficients of variations for the annual precipitation and mean 
annual temperature as proxies for climate stability. Furthermore, these calculations are carried out in the 
zoogeographical regions, in order to investigate which of the geographical regions that are oldest and have 
had the most stable climate. My results for climate stability are compared with species richness distribution 
patterns for all known mammals, birds, amphibians and monocots.  
I conclude that the tropical conservatism hypothesis not fully explains the large distributional patterns of 
species. My results suggest that North America is the region with the most stable climate through time, and 
has vast areas of very old biomes (65 million years old). Since North America does not have high species 
richness, this result does not support the tropical conservatism hypothesis.  
But my results also suggest, that the tropical biomes have had the biggest extent through time, and that 
the zoogeographical region with the highest species richness, the South America, is also the region with the 
highest percentage of 65 million year old biomes. These results support the tropical conservatism 
hypothesis. My results suggest that a high percentage of very old biomes is a better predictor for high 
species richness than climate stability, and that other factors than climate stability is playing a role in 
shaping the large scale distributional patterns of species. 
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Resume 
Stor-skala fordelingen af arter, såsom breddegrads diversitets gradienten, har fascineret biogeografer i de 
sidste to århundreder, og en overflod af forklaringer for disse mønstre er blevet givet. Debatten omkring 
hvilke faktorer, der er med til at forme disse mønstre, fortsætter den dag i dag. Formålet med dette 
speciale er at undersøge de rumlige og tidsmæssige mønstre for klima stabilitet på globalt plan de sidste 65 
millioner år, og om den tropiske konservatismehypotese kan forklare nogle af stor-skala 
fordelingsmønstrene af arter. Dette er gjort ved hjælp af simulerede palæoklimatiske rekonstruktioner fra 
Atmosfærisk-Ocean koblede Generelle Cirkulations Modeller, fra seks forskellige tidsperioder, hvor den 
ældste periode er for 65 millioner år siden. Jeg bruger GIS-software til at følge kontinenternes bevægelser 
for at kunne analysere klimaet for hvert enkelte grid celle gennem tid. Jeg bruger forskellige klima 
klassifikationsskemaer til at klassificere klimaet i økosystemer, for at beregne arealet for økosystemerne, 
alderen på økosystemerne, og hvor mange skift af økosystemer, der har været gennem tiden. Endvidere 
beregner jeg varians koefficienten for årligt nedbør og årlig middel temperatur, som skøn for klima 
stabilitet. Disse beregninger er også udført indenfor hvert af de zoogeografiske områder for at undersøge, 
hvilken af de zoogeografiske områder, der har haft de ældste økosystemer og mest stabilt klima. 
Resultaterne for klima stabilitet og økosystemernes alder bliver sammenlignet med artsrigdoms 
distributionsmønstre for pattedyr, fugle, padder og enkimbladede planter.  
Jeg konkluderer, at den tropiske konservatismehypotese ikke helt kan forklare stor-skala fordelingen af 
arter. Mine resultater tyder på, at Nordamerika er det område med højest klimastabilitet gennem tiden, og 
har enorme områder med meget gamle økosystemer (65 million år). Da Nordamerika ikke har en høj 
artsrigdom, understøtter dette resultat ikke den tropiske konservatismehypotese.  
Men, mine resultater tyder også på, at de tropiske økosystemer har haft den største akkumulerede 
udstrækning gennem tiden, og at det zoogeografiske område med størst artsrigdom, Sydamerika, har den 
højeste procent af 65 millioner år gamle økosystemer. Disse resultater understøtter den tropiske 
konservatisme hypotese.  
Mine resultater tyder på, at en høj procent af meget gamle økosystemer er en bedre indikator for stor 
artsrigdom end klima stabilitet. Endvidere tyder mine resultater på, at andre faktorer end klimastabilitet er 
med til at forme stor-skala fordelingen af arter. 
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1 Introduction 
The large scale distribution of different groups of species and the factors shaping them have fascinated 
biogeographers during the last two centuries. Patterns such as the latitudinal diversity gradient, e.g. the 
species diversity increases when moving towards the equator from the poles, or the existence of different 
biogeographical regions are among the most studied. (Holt et al., 2013; Mittelbach et al., 2007; Wallace, 
1876) The field of study of these large scale patterns and distribution of species is called macroecology, 
which is a subfield of biogeography (Cox & Moore, 2010). 
Ecologists and macroecologists have for decades been working on understanding the underlying drivers 
behind the previously mentioned patterns found in nature (Kissling et al., 2012; Mittelbach et al., 2007; 
Schurr et al., 2012). One of the historical hypotheses explaining the latitudinal biodiversity, called the 
tropical conservatism hypothesis, TCH, states that the tropical climate has been the most dominating 
climate throughout the ages, e.g. duration and extend of the tropical climate have dominated the other 
climate types (Wiens & Donoghue, 2004). The TCH assumes that most lineages originated in tropics, and 
that they colonized extra-tropical and temperate areas more recently. The hypothesis is based on the fact 
that the Earth was much warmer in the past, 55–40 million years (MY) ago (Zachos et al., 2001) and that 
the land-mass area under warm climates was much more extensive than it is today. Consequently, the 
probability of lineages emerging in a warm environment was high. Several studies have investigated 
historical hypotheses (Condamine et al., 2012; Jetz & Fine, 2012; Kissling et al., 2012), by simulating and 
characterising the climate in different ways, but none of the studies have used a comparable set of 
paleoclimatic simulations based on Atmospheric and Ocean coupled General Circulation Models, AOGCMs, 
to quantify the climatic changes in deep time, i.e. MY back in Earth’s history, and the climate changes 
influence on large scale patterns on biological diversity, meanwhile accounting for continental drift. By 
using AOGCMs one can have a rigorous way of simulating the climate in different time periods across the 
geological past, and hence base the classification of the climate on stringent modelled climate data. 
Furthermore, as time passes by the continents move about, which can have a severe effect on the local 
climate over time, e.g. in some cases areas in India and Eurasia might have been in low altitudes before the 
collision of India and Eurasia, which resulted in the Himalayan Mountains, but due to the collision of the 
two continents these areas might have been elevated to a higher altitude, resulting in a different climate.  
Furthermore the climate models enable scientists to get a more detailed picture of the spatial distribution 
of the global climate, unlike the deep-sea isotope records which provide global climate averages  (Zachos et 
al., 2001), or the previously mentioned studies. 
Page 8 of 78 
 
Here, I use paleoclimatic simulations from AOGCMs (Gordon et al., 2000) to estimate spatio-temporal 
patterns in the climate the last 65 MY. I use three different climate classification schemes, BIOME4 (Kaplan 
et al., 2002), Holdridge (Holdridge, 1947) and Köppen-Geiger (Köppen, 1936), to classify and analyze the 
climatic changes across the Maastrichtian age, the Early Eocene epoch, the Chattian age, the Miocene 
epoch, the Pliocene epoch and the Pre Industrial era. 
In order to account for the movement  of the continent, I use the software PointTracker, (Scotese, 2001), to 
track the Pre Industrial coordinates for the grid cells, containing the climate data, to where they were 
located in the five previous time periods used in this thesis.  
My aim of these analyses is to gain novel insight on the evolution of the climate and its effect on biological 
patterns found in nature. To reach these aims I calculated the age of the biomes in the Pre Industrial era, 
the number of changes of biomes, and how many unique biomes have occupied the specific areas. 
Furthermore I calculate the coefficients of variation for precipitation and temperature as proxies for 
climate (in)stability. I calculate the biome ages, the number of changes in biomes, and the coefficients of 
variation within the zoogeographical regions of the world (Holt et al., 2013).  
I compare the proxies for climate stability with species richness distribution patterns, for all known 
mammals, birds, amphibians and monocots, to investigate if the TCH can explain the large scale distribution 
patterns of species.  
If the TCH is true, the expectation is that the accumulated extents of the tropical biomes are bigger than 
other biome classes, such as the temperate biomes. Furthermore, the expectation would be that the 
zoogeographical regions which have the highest percentage of old biomes, 50-65 MY old, and has the most 
stable climate would have the highest species richness. 
1.1 Problem formulation 
In which areas of the world are the oldest biomes and in which areas of the world has the climate been 
most stable the last 65 million years? Can biome age and climate stability, more specifically the tropical 
conservatism hypothesis, explain the large scale distribution patterns of species? 
  
Page 9 of 78 
 
2 Philosophical framework in this master thesis 
Several philosophical frameworks in physical geography have been proposed during the last 90 years, 
logical positivism, critical rationalism, critical realism and pragmatic realism (Inkpen, 2005), all which 
describe how to perceive the nature of reality, and what we can derive as real. 
In my master thesis I use paleoclimatic simulations based on advanced physical equations and models, 
hence a philosophical framework would be most appropriate. In my master thesis the critical realism 
(Bhaskar, 1978) is the philosophical framework. In short, critical realism views reality as stratified and 
differentiated. The interactions of entities are underlined by laws related to underlying structures. I.e. 
reality is built up by several layers, and each layer has a certain set of laws, that cannot be broken or 
contradicted, that determine the behavior in the specific layer. 
This reflects the AOGCMs fairly well. Certain understanding of the climate has made it possible to derive 
the physical equations and models that simulate the climate.  
I view the climatic simulations as indicators, not exact reconstructions, of the past climates simulated. 
Improved knowledge of the climate might improve the AOGCMs used, and hence the climatic 
reconstructions of the past.  
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3 Biogeography 
The study of biogeography deals with the distribution of species and ecosystems in geographic space and 
geological time, and the underlying causalities of these distributions. A key concept within biogeography is 
theory of evolution, that given enough time, the deoxyribonucleic acid, DNA, of species alters over 
generations resulting in new species (Cox & Moore, 2010). 
As the species migrate, or moved by continental drift, and settle in a new habitat, species adapt to the new 
circumstances in order to survive, which results in new species.  
Other factors such as the climate, elevation, latitude and isolation also affect the species, and may result in 
speciation (Cox & Moore, 2010).  
The field of large scale analysis of the patterns found 
in nature is called macroecology, and further concerns 
with population dynamics as response to climate 
change, species dynamics, distribution of species on a 
larger scale and ecological complexities, all based on 
larger statistical and mathematical analysis than 
normally used (Cox & Moore, 2010).  
3.1 The latitudinal diversity gradient 
As previously mentioned, the latitudinal diversity 
gradient is the term used to describe the pattern seen 
in nature that species richness, of most taxa, 
increases when moving from the poles toward the 
equator (Mittelbach et al., 2007). This pattern is true 
weather moving from the southern hemisphere or the 
northern hemisphere, if the species are terrestrial or 
marine or the species are ectothermic or endothermic  
(Hillebrand, 2004).  
Of the plethora of explanations for the latitudinal 
diversity gradient proposed, three hypotheses remain 
the most debated: 
(A) The Ecological hypothesis; species carrying capacity, K, in the tropical regions are higher than the 
temperate regions (Ktropical > Ktemperate), see figure 1, A. 
Figure 1: The three main hypothesis of the latitudinal 
diversity gradient. A; the species carrying capacity is higher 
in the tropical regions than the temperate regions. B; the 
diversification rate is higher in the tropical regions than 
that of the temperate regions. C; the tropical regions have 
existed for a longer time, and covered more, hence species 
have had more time for speciation. Source (Mittelbach et 
al., 2007; Thrane, 2012). 
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(B) Evolutionary hypothesis; the diversification rates, D = speciation rate – extinction rate, are higher in the 
tropical regions than in the temperate region (Dtropical > Dtemperate), see figure 1, B. 
(C) The historical hypothesis; the tropical regions are older than the temperate regions, and the 
accumulated extend of the tropical regions have dominated over that of the temperate regions, hence 
species have had more time for speciation in the tropical regions, see figure 1, C.  
3.2 Wallace zoogeographical regions 
Another very interesting pattern, or rather distribution, was introduced and published by Alfred Russel 
Wallace, a British zoogeographer in 1876 (Wallace, 1876). From the knowledge at his time of the 
distribution of birds, mammals, reptiles and insects, he was able to deduce a map, showing that the taxa of 
the animal were grouped in six regions.  
Wallace divided the terrestrial world into six regions; Nearctic, Neotropical, Palearctic, Ethiopian, Oriental 
and Australian.  
Despite that the map was produced 137 years ago, without modern day technology, the original map of the 
Wallace zoogeographical regions is still being used today (Holt et al., 2013). 
3.3 Updated version of the Wallace zoogeographical regions 
With the technology of sequencing DNA and genomes, Holt et al. (2013) made an updated version of the 
zoogeographical map. By analyzing the distribution and the phylogenetic relationship between now living 
terrestrial birds, amphibians and mammals, Holt et al. (2013) were able to make a new map of the Wallace 
zoogeographical regions. The updated zoogeographical map shows 20 regions, which are grouped into 11 
larger realms, see Data section.  
The updated version of the map shows a more accurate distribution of the clusters of species on the Earth, 
merely because the map was produced on the phylogenetic relationship between the species studied, and 
the enormity of the species sample used, see Data section. Whereas Wallace divided the terrestrial world 
into six regions, Holt et al. (2013) identified 20 regions, which were further grouped into 11 realms; 
Nearctic, Panamanian, Neotropical, Palearctic, Saharo-Arabian, Afrotropical, Madagascan, Oriental, Sino-
Japanese, Oceanian and Australian.  
Henceforth the 11 realms will be called regions.  
The difference between the zoogeographical maps, and the methods, proposed by Wallace (1876) and Holt 
et al. (2013) is that Holt et al. (2013) used a more sophisticated method to analyze the clustering and 
distribution of the phylogenetic assemblages of species. Wallace’s zoogeographical region has fewer 
regions than Holt et al. (2013), but the divisions of the regions are somewhat the same as Holt et al. (2013). 
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4 The climate on Earth 
A primary driver of the climate on Earth is the Sun (Ruddiman, 2001). The solar forcing, as the solar energy 
affecting Earth is called, varies depending on the Earth’s motion around itself and in the solar system, and 
gives rise to daily variation, such as day and night, yearly variations such as summer and winter, or even 
longer term variations.   
The climate system on Earth, mainly fueled by the Sun, is the system of all the components and interactions 
in between these components than influence the climate in space and time. There are five main 
components of the climate system which are the atmosphere, hydrosphere, cryosphere, lithosphere and 
the biosphere. The components are different, not only in spheres, but in their ability to store and transport 
energy which makes their individual roles in the climate system different   (Grotzinger & Jordan, 2010). 
4.1 The atmosphere 
Earth’s atmosphere is a mixture of gases, mainly nitrogen (~78 %) and oxygen (~21 %), and has four layers; 
the troposphere (extends from the surface and up to 8–18 km), the stratosphere (up to 50 km), the 
mesosphere (up to 80 km) and the thermosphere (above 80 km). The troposphere contains ~80 % of the 
gases that forms the Earth’s atmosphere, and is layer in which most of Earth’s weather happens, e.g. 
productions of clouds, precipitation and storms, and is also the main layer in which the Earth’s climate and 
its changes is measured (Grotzinger & Jordan, 2010; Ruddiman, 2001).  
The stratosphere accounts for ~19.9 % of the Earth’s atmosphere, and it contains a small amount of oxygen 
(O2) and ozone (O3) which blocks out some of the ultraviolet radiation, emitted from the Sun, from entering 
Earth’s atmosphere. The stratosphere can in some occasions contain small particles, called aerosols, from 
large volcanic eruptions, and these particles blocks out some of the solar radiation from entering Earth’s 
atmosphere, which can result in temporarily lower temperatures in the atmosphere on a global scale 
(Grotzinger & Jordan, 2010; Ruddiman, 2001). 
4.2 The hydrosphere 
The hydrosphere consists of all the liquid water on Earth, which includes the oceans, lakes, streams and 
groundwater. Apart from acting as a transport system of dissolved minerals, the hydrosphere contains 
much more heat energy than the atmosphere. Since liquid water has a very low albedo (5-10%) the 
hydrosphere absorbs much of the energy received from the Sun. This energy is transported around the 
globe in the oceans, by large circular current, driven by the winds produced in the atmosphere. E.g. the Gulf 
Stream, in which warm water from the Caribbean Sea is transported across the Atlantic, warms the climate 
in the northern Atlantic and Europe. On a global scale, it is observed that warm water is transported 
towards the poles, in large currents in the oceans as e.g. the Gulf Stream. This pattern called the 
thermohaline circulation acts as conductor of heat energy from the equatorial regions towards the poles, 
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and changes in the pattern can strongly influence the global climate (Grotzinger & Jordan, 2010; Ruddiman, 
2001). 
4.3 The cryosphere 
Solid water, e.g. ice caps, sea ice, glaciers, frozen lakes, constitutes its own sphere on Earth. Approximately 
10 % of the land surface is covered by the cryosphere. While the liquid water is effective in absorbing, 
storing and transporting energy, the solid water is ineffective in these attributes. The albedo of ice, or fresh 
snow, is 60-90 %, hence much of the solar energy is reflected back into space, and only 10-40 % of the solar 
energy is absorbed. Also ice is relative immobile, hence the cryosphere is neither effective in absorbing, 
storing nor transporting energy, but good at reflecting the energy from the Sun (Grotzinger & Jordan, 2010; 
Ruddiman, 2001). 
4.4 The lithosphere 
The crust and uppermost mantle of the Earth is called the lithosphere, and only ~ 30 % of the lithosphere 
makes up the total land surface of the Earth. The land surface affects the climate system by the amount of 
solar energy it absorbs and how much energy it releases into the atmosphere. When the temperature of 
the surface increases, more water evaporates from the land surface and enters the atmosphere. 
Furthermore, energy is required for water to evaporate, hence when the water evaporates from the land 
surface, the temperature of the land surface drops (Grotzinger & Jordan, 2010; Ruddiman, 2001).  
The topography of Earth is determined by the lithosphere, which further is affected by the underlain 
asthenosphere. The climate on Earth is affected by Earth’s topography, e.g. when the wind presses the air 
onto a mountain, the air is pressed upwards, cooled down, and as the air is cooled down it cannot withhold 
as much water, hence the water is precipitated on the windward side, and dryer air is transported onto the 
leeward side of the mountain. The topography in the ocean floor also affects the climate, when the 
continents drift around on a larger time scale. E.g. the movement of the continents can close caps in the 
thermohaline circulation, altering currents in the oceans. The volcanic activity is also part of the lithosphere, 
and as mentioned previously, volcanic activity can result in temporarily lower temperatures on a global 
scale. Furthermore volcanic activity adds water vapor and carbon dioxide, CO2, which are two greenhouse 
gases, to the atmosphere, which in long term can affect the global temperature of Earth (Grotzinger & 
Jordan, 2010; Ruddiman, 2001). 
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4.5 The biosphere 
The biosphere consists of all the living organisms on Earth. The terrestrial vegetation influence the climate 
by absorbing solar energy and CO2 and release it as heat during photosynthesis, and absorb water in the 
soil and release it into the atmosphere as water vapor. Algae in the oceans also absorbs CO2 during 
photosynthesis, hence algae, along with terrestrial vegetation, regulate the composition in the atmosphere 
by absorbing or releasing CO2 and methane, CH4.  
Some of the CO2 is also transferred from the biosphere to the lithosphere as calcium carbonate, CaCO3, 
when shells made of CaCO3 sinks down the ocean floor, or when organic matter is buried as marine 
sediments. Humans are part of the biosphere too, and by using fossil fuel such as coal, crude oil and natural 
gases, the humans increase the level of CO2. Summed up, the biosphere plays an important role in the 
carbon cycle on Earth (Grotzinger & Jordan, 2010; Ruddiman, 2001). 
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5 The geological past  
As previously mentioned, the 
continents move about on the surface 
of the Earth, changing its appearance 
and affecting the climate on Earth. 
Figure 2 shows the change in the level 
of deep sea oxygen isotope since the 
Maastrichtian, ~ 66 MY ago (Zachos et 
al., 2001). Zachos et al. (2001) 
compiled the dataset with the oxygen 
isotope for bottom-dwelling deep sea 
foraminifera, from more than 40 sites. 
The level of the oxygen isotope 18 
serves as a proxy for the deep sea 
temperature, which again is a proxy 
for the global temperature. 
Figure 2 furthermore shows that the 
global temperature was much warmer 
during the Maastrichtian, and 
especially in the Early Eocene. In the 
transition between the Eocene and the 
Oligocene there was a huge drop in 
the global temperature. In the late 
Oligocene, the Chattian age, the global 
temperature increased again, to the temperature level during the Eocene-Oligocene transition. In the 
Maastrichtian and most of the Eocene, the world had not had any permanent ice sheets. In the Oligocene 
the permanent Antarctic ice sheets were formed, however, during the Chattian the ice sheets in Antarctica 
were not permanent. In the first half of the Miocene, the global temperature stayed relatively stable, but 
started to decline in the second half of the Miocene. With the decline of the temperature during the 
second half of the Miocene, the ice sheets in Antarctica became ones again permanent. In the late Miocene 
the ice sheets in the Northern Hemisphere were formed. Since the Pliocene the global temperature has 
decreased. 
Figure 2: The figure shows the level of oxygen isotope 18 the last 67 MY, 
which is a proxy for the global temperature. The figure also shows the 
evolution of the ice sheets in the Northern Hemisphere and Antarctica. 
Source: Edited from Scotese et al. (2001). 
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Figure 3 shows the movement of the continents the last 69 
MY. Also, the figure shows the shallow seas, the mountains 
and plateaus.  Over the years, Australia have moved 
towards the equator, India has likewise moved northwards 
and collided with Asia. South- and North America have 
moved westwards, away from Africa and Europe, 
respectively. 
69 and 50 MY ago vast areas of the seas were shallow. 30 
and 14 MY ago the shallow areas in the seas had decreased, 
but were still covering vast areas. 
The decrease in shallow areas in the seas over time is due 
to the forming of the permanent ice sheets. The cryosphere 
increased through time, which resulted in lower sea levels, 
hence decreasing the shallow seas. As for the shallow sea 
north of India 69 and 50 MY ago, the collision with Asia 
seems to be the cause of the reduction of shallow seas in 
that region of Earth.  
  
Figure 3: The figure shows the land extent for the 
Earth, approximately the same time periods as used in 
this thesis. Source: Scotese et al. (2001).  
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6 AOGCMs 
Once one has a certain understanding of the climate and is able to express the interaction of some 
parameters of the climate in complex physical equations, one is able to make a physical climate model. 
The more advanced physical climate models are called Atmospheric Ocean Coupled General Circulation 
Models (AOGCMs), which are 3 dimensional (3-D) models in which the atmosphere and oceans are divided 
into 3-D boxes, and the fluxes between the neighboring boxes are calculated. The AOGMs are then able to 
simulate different climatic parameters, e.g. monthly precipitation and temperature, for different scenarios. 
AOGCMs simulate the conditions and behavior of the atmosphere, the oceans and sea ice extent, and the 
fluxes between them. To simulate the scenarios, for e.g. past climatic conditions, AOGCMs use different 
proxies for the environment, called boundary conditions, which are initial climatic and environmental 
conditions, e.g. placements of continents, topography of the Earth, fauna and flora or level of CO2 in the 
atmosphere. (Fildes & Kourentzes, 2011; Ruddiman, 2001; Salzmann et al., 2008)  
The AOGCMs used in this thesis, the Hadley Centre General  then simulates both the heat fluxes in the 
atmosphere and in the oceans, the carbon cycle, precipitation, the albedo effect of various surfaces, sea ice 
extent in order to get a more representative simulation of the climate, see Data section (Gordon, Cooper, & 
Senior, 2000). 
The AOGCMs are used for various reasons, e.g. forecasting the current weather, forecasting the future 
climate, to get a better understanding of the forcing and responses of various elements in the climate or to 
understand species’ responses on climate change. (Fildes & Kourentzes, 2011; Haywood et al., 2011; Royer, 
et al., 2012; Tebaldi & Knutti, 2007) 
6.1 Evaluating the AOGCMs 
Tebaldi & Knutti (2007) state that the climate is so complex that it is fundamentally impossible to describe 
all the processes, that occur in the climate system, in a climate model, hence choices have to be made on 
what processes are to be included in the model are which are to be neglected. So the question remains on 
how well the climate models predict the climate, when not all processes are included. Craggs et al. (2012) 
evaluated a version of the Hadley Centre Coupled Model, version 3 (HadCM3), the HadCM3L, see Data 
section, which different boundary conditions for the level of CO2 in the atmosphere, by comparing the 
results of the HadCM3L with geological climate indicator proxies. These proxies are lithologies, i.e. 
coal/peat, evaporites, bauxites and laterite deposits. Since these deposits are formed under certain climatic 
conditions, Craggs et al. (2012) were able to validate the results of the HadCM3L for the Maastrichtian age, 
with the climate indicator proxies’ form during the Maastrichtian. The results show that the models 
produce realistic paleoclimate in the areas of which coals and evaporites are formed. Coals are form in 
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humid area, which during the Maastrichtian was the equatorial regions, and evaporites are formed in areas 
in which evaporation exceeds the combined input of water from precipitation, marine or river influx, which 
during the Maastrichtian were in the sub tropical regions (Craggs et al., 2012). As for the comparison with 
the laterite and bauxite deposits from the Maastrichtian, the model is consistent with the deposits in the 
equatorial regions, but not the deposits found in the mid-latitudinal warm humid belt. Formation of laterite 
and bauxite con occur in climatic conditions which have high annual, or seasonal, precipitation, and 
especially in areas with high humidity and high annual temperature (Craggs et al., 2012). Hence the results 
of the HadCM3L are more consistent with the paleoclimate proxies in the lower latitudes, while the results 
show that the models do not predict the warm humid climate indicated by the paleoclimatic proxies during 
the Maastrichtian, i.e. the models predict too cold a climate in the higher latitutes. The models are 
especially poor at predicting the laterites and bauxites found in the mid- and high latitudes of Europe and 
Asia (Craggs et al., 2012). 
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7 Data 
I use paleoclimatic conditions simulated by Bristol Research Initiative for the Dynamic Global Environment 
(BRIDGE), a enterprise between Bristol University, University of Reading, Open University and British 
Antarctic Survey, to measure the spatio-temporal dynamics of climatic stability for the last 65 MY. 
The paleoclimatic conditions by BRIDGE are based on the Hadley Centre Coupled Model Version 3 (HadCM3) 
(Gordon et al., 2000) and two slight different versions of the HadCM3 to simulate the climatic conditions in 
the past. Information of the three models used by BRIDGE are given below, see table 1.  
 
7.0.1 HadCM3  
The horizontal resolution of the atmospheric boxes, in HadCM3, is 2.5 degrees latitude by 3.75 longitudes, 
and has 19 layers, while the resolution of the oceanic grid cells are 1.25 degree by 1.25 degree with 20 
layers. A land-surface scheme (MOSES1) represents the freezing and melting of soil moisture and 
evaporation, which includes the dependence of stomatal resistance on temperature, vapour pressure and 
CO2 concentration. Furthermore a radiation scheme is implemented in the model which represents the 
effect CO2, H2O, O3 and minor trace gases.  
 
7.0.2 HadCM3L 
The HadCM3L (Jones & Palmer, 1998) differs from HadCM3 by the oceanic model, while the atmospheric 
model is the same. The oceanic model of the HadCM3L has 20 layers and has the same spatial resolution as 
the atmospheric model, i.e. 2.5 degrees by 3.75 degrees, and still has 20 layers. Also the land mask 
(MOSES2) in the HadCM3L has been upgraded with an interactive carbon cycle. 
 
7.0.3 HadSM3 
The Hadley Centre Slab Model version 3 (HadSM3) (Williams et al, 2001) is a “slab” model, with a simplified 
ocean. The ocean model has a constant depth in the oceans, and the slab can simulate the currents flowing, 
but not simulate overturning circulations in the oceans. Since the ocean is simplified it does not take as long 
time for the oceans to reach an equilibrium state, as with the HadCM3 and HadCM3L.  
 
7.0.4 Time Periods and boundary conditions 
For the Maastrichtian age the HadCM3L was used with the MOSES2 land scheme. The total time run for the 
Maastrichtian age was 1616 years, where 1586 was spin up period and 30 was the averaging period. The 
initial CO2 level is 1120 ppmv, the level of CH4 is at 760 ppbv and the level of N2O is at 270 ppbv. 
The global temperature during the Maastrichtian was approximately 14 °C higher than present day global 
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mean temperature  (Zachos, Pagani, Sloan, Thomas, & Billups, 2001), which most likely resulted in higher 
amount of precipitation. Furthermore Hunter et al. (2008) writes that the climate was more even, in the 
sense that differences between the lower and upper extremes were less than seen today. The 
Maastrichtian age ranged from 72 .1 MY to 66 MY ago (Cohen et al., 2013).  
For the Early Eocene epoch the HadCM3L model was used with the MOSES2 land scheme. The total 
runtime was 91 years, where 30 years was spin up and the averaging period was 61 years. The initial CO2 
level was 1120 ppmv, the CH4 was 760 ppbv and N2O was 270 ppbv.  
The average global climate during the Early Eocene was approximately 18 °C higher than present day 
temperatures (Zachos et al., 2001). The Early Eocene epoch ranged from approximately 56 MY to 47.8 MY 
ago (Cohen et al., 2013). 
For the Chattian age the HadCM3L model was used with the MOSES2 and TRIFFID model. The total run time 
for the Chattian was 100 years, with 70 years spin up period and 30 years of averaging period. The initial 
CO2 level was 560 ppmv, the CH4 level was 760 ppbv and the initial N2O was 270 ppbv. 
During the Chattian age the global temperature increased from approximately 4 °C higher than present 
temperatures to approximately 8 °C higher than present (Zachos et al., 2001). The Chattian age ranged 
from 28.1 MY to 23 MY ago (Cohen et al., 2013). 
For the Miocene epoch the HadCM3L was used with the MOSES2 land scheme. The total runtime for the 
simulation was 450 years, with 400 years of spin up and 50 years of averaging. The initial level of CO2 was 
280 ppmv, the initial CH4 was 760 ppbv and the initial N2O was 270 ppbv. 
During the Miocene, the global temperature varied, ranging from approximately 8 °C, higher than present, 
to approximately 4 °C higher than present (Zachos et al., 2001). The Miocene epoch ranged from 23 MY to 
5.3 MY ago (Cohen et al., 2013). 
For the Pliocene epoch the HadCM3 model was used with the MOSES1 land mask. The total runtime was 
124 years, with 104 years of spin up and 20 years of averaging. The initial CO2 level was 400 ppmv, the 
initial CH4 level was 760 ppbv and the initial N2O level was 270 ppbv.  
The global climate during the Pliocene dropped from approximately 4 °C, higher than present, to 
approximately 1 °C higher than present. The Pliocene epoch ranged from 5.3 MY to 2.5 MY ago. 
The climate during the Pre Industrial era was simulated with the HadSM3 and the MOSES1 land scheme. 
The total runtime was 38 years with 18 years spin up period and an averaging time of 20 years. The initial 
C02 level was 279 ppmv, the initial NH4 was 790 ppbv and the initial N2O level was 284 ppbv.  
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Table 1: The table show the simulation name for each time periods, name of the time period, name of the model used to 
simulate the climate and the model type. The table is a modified version of the table from (Thrane, 2012). 
Among the large number of climatic parameters simulated by the AOGCMs, I use the annual precipitation in 
mm/day and average annual temperature in °C, to estimate the stability of those parameters for the last 65 
MY across the planet. 
7.1 Bioclimatic reconstructions 
Another approach to estimate climatic stability is to use classification schemes that reconstruct past biomes 
based on different combinations of climatic parameters. I have explored the spatio-temporal dynamics of 
changes in biomes using 3 different classification schemes.  
 
7.1.1 BIOME4 
The BIOME4 classification scheme (Kaplan et al., 2002) is a coupled carbon and water flux model that 
translates the climate model output, i.e. seasonal cycle of temperature, precipitation and solar radiation, 
together with soil texture and soil depth into one of 26 different biomes. The original BIOME4 classification 
scheme (Kaplan et al, 2002) considers 12 plant functional types (PFT) that represents the distinct classes of 
vegetation ranging from cushion forbs present in extreme cold climates to tropical rainforest trees. The PFT 
are assigned bioclimatic limitations that determine if the plants could be present in a grid cell, and hence 
whether or not the net primary productivity (NPP) is calculated. BIOME4 also determines the seasonal 
maximum leaf area index (LAI) that maximizes the NPP for any PFT. For any given grid cell the model then 
ranks the tree and nontree FPT, based on the NPP, LAI and mean annual soil moisture, and the resulting 
ranking determines which biome the given grid cell is assigned. The land grid cell used in the original 
BIOME4 model was 0.5 degree by 0.5 degree. The downloaded BIOME4 data used in this research was 
based on a revised version of the BIOME4 model by Hatté & Guiot (2005). Some constant parameters were 
replaced by functions of external forcing, to better implement their impact environment, an extra PFT was 
applied, and the number of biomes was increased from the original 26 biomes to 28. The new biomes 
introduced were Barren and Land ice. To our knowledge the BRIDGE project has not published which 
version of the BIOME4 they used to classify their data into the biomes, but the when comparing the legend 
Geological time Simulation name Model name Model type 
Maastrictian tbnjo (Maastrictian_202a) HadCM3L MOSES2 
Early Eocene tbpif (Early_Eocene_301_4xCO2) HadCM3L MOSES2 
Chattian xayex (Chattian27_Coupled_2xCO2) HadCM3L MOSES2, TRIFFID_dyn 
Miocene xbprd (HadCM3_Miocene_8Ma) HadCM3L MOSES2 
Pliocene xbmea (Pliocene_coupled) HadCM3 MOSES1 
Quaternary xamka (Pre_Industrial_slab) HadSM3 MOSES1 
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of the biomes from BRIDGES BIOME4 data, the only legend that matches BRIDGE’s BIOME4 legend is the 
one Hatté & Guiot (2005) provides. Hence it is assumed that the BIOME4 classification scheme that BRIDGE 
use is the one Hatté & Guiot (2005) provides. The resolution of the downloaded data was 2.5 degree by 
3.75 degrees. 
The BIOME4 biomes were then grouped according to Hatté & Guiot (2005), see table 2; 
Biome name   Main biome class 
Tropical evergreen forest  Tropical biome 
Tropical semi-deciduous forest  Tropical biome 
Tropical deciduous forest/woodland Tropical biome 
Tropical savanna  Tropical biome 
Tropical xerophytic shrubland  Tropical biome 
Tropical grassland  Tropical biome 
Temperate deciduous forest  Temperate biome 
Temperate conifer forest  Temperate biome 
Warm mixed forest  Temperate biome 
Cool mixed forest  Temperate biome 
Cool conifer forest  Temperate biome 
Temperate xerophytic shrubland Temperate biome 
Temperate sclerophyll woodland Temperate biome 
Temperate broadleaved savanna Temperate biome 
Temperate grassland  Temperate biome 
Desert   Desert 
Cold mixed forest  Cold biome 
Evergreen taiga/montane forest Cold biome 
Deciduous taiga/montane forest Cold biome 
Open conifer woodland  Cold biome 
Boreal parkland   Cold biome 
Steppe tundra   Cold biome 
Shrub tundra   Cold biome 
Dwarf shrub tundra  Cold biome 
Prostrate shrub tundra  Cold biome 
Cushion forb lichen moss tundra Cold biome 
Barren   Polar biome 
Land Ice   Polar biome 
Table 2: The 28 biomes provided by BIOME4 were grouped in five main biome classes; Tropical biome, Temperate biome, Desert, 
Cold biome and Polar biome, according to Hatté & Guiot (2005) 
 
7.1.2 Holdridge 
The second classification scheme used, the Holdridge classification scheme made by Leslie Holdridge in 
1947 (Holdridge, 1947), classifies the climate into 37 life zones, based on the parameters mean annual 
precipitation (mm) annual biotemperature (°C) and potential evapotranspiration ratio.  
The biotemperature is a modified temperature range, ranging from 0 °C to 30 °C, since temperature is an 
important factor for a growing plant (Henderson-Sellers, 1990). Annual temperature less than 0 ° C are set 
to 0 °C, and annual temperatures above 30 °C are set to 30 °C. 
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The term life zone is equivalent with the term biome, henceforth the Holdridge life zones will be referred to 
as biomes. 
BRIDGE used a simplified version of the Holdridge scheme, constructed by Henderson-Sellers (1990), which 
only takes into account the annual precipitation and the mean annual biotemperature, and creates nine 
simplified biomes. 
The nine life biomes were grouped into five groups as following, see table 3; 
Biome name   Main biome class 
Tropical rainforest  Tropical biome 
Tropical woods   Tropical biome 
Tropical grass and shrub  Tropical biome 
Temperate rainforest  Temperate biome 
Other grass and shrub  Temperate biome 
Hot desert   Desert 
Other desert   Desert 
Cool woods   Cold biome 
Tundra   Polar 
Table 3: The nine Holdridge biomes were grouped into 5 main biome types, Tropical biome, Temperate biome, Desert, Cold 
biome and Polar biome. 
7.1.3 Köppen-Geiger 
The third classification scheme used, is the Köppen-Geiger scheme, which was created by Wladimir Köppen 
in 1936 (Köppen, 1936). This classification scheme uses different criteria and thresholds for precipitation 
and temperature to classify climatic types. Several updated versions have since been made (Kottek et al., 
2006; Peel et al., 2007; Robinson & Henderson-Sellers, 1999), in which BRIDGE used the updated version 
made by Robinson & Henderson-Sellers (1999) to classify the climate into 31 climate classes.  
The Köppen-Geiger classes can like the Holdridge life zones be termed as biomes, hence the Köppen-Geiger 
classes henceforth be called biomes.  
The Köppen-Geiger biomes were grouped in the following groups, see table 4 on next page;  
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Biome name   Main biome class 
Tropical rainy   Tropical biome 
Warm temperate rainy  Temperate biome 
Dry climates   Desert 
Cold boreal forest  Cold biome 
Tundra/Polar   Polar biome 
Cold {high altitude}  Polar biome 
Table 4: The Köppen-Geiger biomes were grouped into five main climatic types, Tropical climate, Temperate climate, Desert, 
Cold climate and Polar climate. 
 
7.2 Updated Wallace’s Zoogeographic Realms 
To understand the consequences of climatic and biome stability in large scale patterns of biological 
diversity, I am assessing climatic and biomes stability across zoogeographical regions. In 1876, 
Alfred Russel Wallace divided the terrestrial world up in six different regions, and called them 
zoogeographical regions (Wallace, 1876). Wallace used the known distribution and taxonomic relationship 
of mammals, birds, reptiles and insect to create and define the six zoogeographic regions. 
The Center for Macroecology, Evolution and Climate (CMEC), located at the University of Copenhagen, 
made an updated version of Wallace’s Zoogeographical regions of the world (Holt et al., 2013), see figure 4. 
CMEC based their zoogeographical regions of the world on 21,037 terrestrial species of amphibians (6,110 
species), birds (10,074 species) and mammals (4853 species). By analyzing the distribution and the 
phylogenetic relationship of the 21,037 species, Holt et al. (2013) were able to group the species into 
realms and regions, creating an updated version of the Wallace Zoogeographical regions.  
 
Figure 4: The updated version of the Wallace Zoogeographical regions of the world made by (Holt et al., 2013), showing the 
distinct 11 realms of the world. 
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8 Method 
8.0.1 Correcting by continental drift to compare climate across time 
As continent drift across the surface of the Earth and our time scale has a span of millions of years, the 
surface of the Earth changes between each time period used, with the exception of the Pliocene epoch and 
pre industrial era which have the same land mask. Hence there arise obstacles when wanting to compare 
the climate through time for a given point on Earth’s surface, since each point moves between the time 
periods. 
In order to compensate for the continental drift, the software PointTracker, a part of the PALEOMAP 
project by Scotese (Scotese, 2001), was used to calculate the movement of each of the terrestrial points 
back in time. 
The coordinates of terrestrial point in the pre industrial era were extracted in ArcMap 10.1. The software 
PointTracker was used to project the coordinates of the current day terrestrial positions back in time, to the 
best fit between the projected points and the BRIDGE biome reconstructions. 
PointTracker uses the knowledge of the movement of the Tectonic plates, to locate where Pre Industrial 
positions were in the past. The pre industrial coordinates were projected 10 MY back, 30 MY back, 50 MY 
back and 80 MY back, as these points fitted the best with the placement of land in the BRIDGE data. 
The projected points were then used to 
extract the climatic data from the 
BRIDGE data, i.e. coordinates projected 
80 MY back were used to extract the 
data from the Maastrichtian age, 
coordinates projected 50 MY back were 
used to extract data from the Early 
Eocene, coordinates projected 30 MY 
back were used to extract data from 
the Chattian, coordinates projected 10 
MY back were used to extract data from 
the Miocene. Since BRIDGE uses the 
same land mask for the Pliocene 
simulations as for the pre industrial era, 
there were no needs for projecting the 
Figure 5 gives an example of how the current day terrestrial positions were 
tracked back in time using PALEOMAP. The lighter green is the current day 
BIOME4 land extent, and the lighter green dots are positions of current day 
BIOEM4 locations, which are projected back 50 MY back in time (the yellow 
dots) and 80 MY back in time (the dark green dots). The Early Eocene land 
reconstruction by BRIDGE is illustrated with yellow coloring and the dark 
green land extents are the reconstructed BIOME4 land extents during the 
Maastrichtian age by the BRIDGE project. 
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coordinates for the Pliocene epoch.  
As PointTracker keeps track of each point, i.e. saves the projected coordinates along with the original 
coordinates and the point’s ID, a comparison of climate through time for each of the current day 
coordinates of land was possible, see figure 5. 
For each time step, the projected points were used to extract the climate data, e.g. BIOME4 data, for the 
given time period, in order to analyze the BIOME4 evolution for each of the current day terrestrial 
coordinates. 
Since the projected terrestrial coordinates provided by PaleoMap did not always match the reconstructed 
terrestrial extent from the BRIDGE geodata, a map was made to show which areas had more projected 
points in common with the BRIDGE land extents, see figure 5. Each coordinate was projected back in time 
and evaluated how many time steps the given point was projected on top of the BRIDGE land extend. Since 
BRIDGE uses the same land extent for the Pliocene epoch as the pre industrial era the points were only 
projected four times, i.e. to the Miocene epoch, Chattian age, Early Eocene epoch and the Maastrichtian 
age. 
8.0.2 Measuring biome stability and biome age 
The dataset, containing the biome data for each of the biome schemes were analyzed in R, where four 
calculations were made; 
1: Age of current day biomes 
For each of the present day positions, grid cells, the age of the present day biomes were calculated by 
inspecting how many consecutive times the current day biomes did not change, when going back in time. 
E.g. a grid cell with tropical biomes in each of the six time periods is 65 MY old,  
2: Number of biome shifts 
The number of shifts in biomes through time within each grid cell was also calculated, i.e. a shift in biome 
occurs when the biome changes from one type of biome to another in between the time steps. 
3: First appearance of current day biomes 
The last calculation made was when the current day biome first appeared, i.e. in what time period current 
day biomes did first appear, not taking into account if there have been a different climate in the meantime. 
4: Number of unique biomes 
For each point it was calculated how many unique biomes had occupied the given point. This was simply 
done by counting the number of different biome classes in each row of the dataset. 
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8.0.3 Comparison across the biome classification schemes 
I conducted a sensitivity test for each of the grid cells to know if the three classification schemes had 
predicted the same age, same number of biome changes, same first appearance of the biomes and same 
number of unique biomes. 
The results were 4 new results and maps showing in which parts of the world, the classification schemes 
were consistent. In order to see in which parts of the world the three classification schemes all predicted 
old and young biomes, the ages of the biomes were grouped into three categories; young (0-5 MY old), 
middle (10-30 MY old) and old (50-65 MY old). The classification of the categories were based on the notion 
that the range of the timescale, used in this thesis, is finite and hence 65 MY old biomes are the very old 
biomes, while 50 MY old biomes are old. 10 and 30 MY old biomes are relative to 50 and 65 MY old biomes 
not old, and hence not classified as old. 0-5 MY old biomes are the youngest and hence classified as young 
biomes. 
A similar analysis was made to see in which parts of the world the three classification schemes predicted 
the same number of biome changes. The number of biome changes were categorized as following, stable 
(0-1 change), in between (2 changes) and unstable (3-4 changes). The result hence shows the number of 
biome changes, in the areas in which the three classification schemes are consistent.  
 
Similar analysis was made for the first appearance of current day biomes. A map was made showing when 
the current day biomes first appeared, in the areas in which the three classification schemes were 
consistent. The results were grouped into three categories; first appearance 0-5 MY ago, first appearance 
10-30 MY ago and first appearance 50-65 MY ago. 
An analysis on where the three classification schemes were consistent on the number of unique biomes 
occupying each grid cell through the six time periods. The results were grouped in two categories, 1-2 
unique biomes in one category and 3-4 unique biomes as the second category. This was done so the reader 
better could identify which parts of the world have had few biomes (1-2 unique biomes) and which parts 
have had many biomes (3-4 biomes). To my knowledge no other study have categorized the number of 
biomes in a given area through time, hence I had no guideline to follow. 
Another comparison of the results from the three biomes was then made, namely the percentage of similar 
results based on different classification schemes, e.g. the percentage grid cells in which the BIOME4- and 
Holdridge scheme both have the same prediction of the current day biome age, the percentage points in 
which the two previously schemes both show the same number of biome change, the percentage points in 
which the two schemes both show when the current day biomes first appeared, the percentage of points in 
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which the two schemes both show the same number of unique biomes through time and the overall 
percentage same results between the BIOME4- and the Holdridge scheme.  
Similar analyses were made to compare the results of the BIOME44- and Köppen-Geiger scheme, and the 
results between the Holdridge- and Köppen-Geiger schemes. 
 
8.0.4 Accumulated biome area through time  
It has been suggested that the reason why the tropics harbor more species than other biomes might be 
related to the issue that tropical biomes are older and have covered larger regions of the planet than other 
biomes, allowing tropical clade to speciate for longer time and suffer loss extinction. This hypothesis is 
called the historical hypothesis (Hillebrand, 2004).  
To explore the historical hypothesis, that the Tropical biomes have covered more ground through time than 
any other biome types, the extent in km2 of each of the main biome classes, Tropical, Desert, Temperate, 
Cold and Polar, were calculated for each time period using IDRISI Taiga. Therefore I can estimate the 
change in areas size for each main biome class from the Maastrichtian age to the Pre industrial era and the 
accumulated area covered by each of the main biome classes, showing which main biome class that had 
covered the most area through time. These calculations were made on each of the three biome 
reconstructions made by BRIDGE twice (BIOME4, Holdridge and Köppen-Geiger): 
1: The first area calculations were made without taking into account the continental drift, i.e. the 
calculations were on the raw downloaded BRIDGE data. 
2: The second area calculations were made after taking into account the continental drift, i.e. the current 
day positions were tracked back in time to match the terrestrial extent in the time periods provided by 
BRIDGE, then the biome information for each point, in each time period, was extracted, and used for 
calculating the extent of each main biome class for each time period. 
 
On my previous study, (Thrane, 2012), I classified the global climate by using an updated version of the 
Köppen-Geiger scheme (Peel et al., 2007) and calculated the accumulated biome area as mentioned above, 
without taking into account the continental drift. As the results showed an unexpected large accumulation 
of the Cold biomes, it was discussed in my project, that the lower threshold for the Temperate biomes was 
too high; 0 °C. This suggests that a large amount of the climate was classified as Cold biomes rather than 
Temperate biomes. Hence the lower threshold of the Temperate biomes was changed from 0 °C to -3 °C, as 
(Kottek et al., 2006) classifies the lower threshold of the Temperate biomes to be. The accumulated biome 
areas for each of the main biome classes were then recalculated, without taking into account the 
continental drift.  
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8.0.5 Anomaly, Standard deviation and coefficient of variation 
As with the biomes classification data, the precipitation- and the temperature data were corrected for 
continental drift, i.e. tracking each of the current day points back to the time periods used for this study 
and then extracting the data from the precipitation and temperature datasets.  
When a given point did not match a BRIDGE land reconstruction, the extracted value was set to be 0 by 
ArcGIS. As none of the time periods had a point with 0 mm/year of precipitation or 0 °C on any terrestrial 
points, all values with 0 were reclassified to NA in R, in order to omit the 0 values in the analysis. 
Before making the analysis on the precipitation, the precipitation was converted from mean mm/day to 
mean mm/year by multiplying each value with 365. The reason was that when the mean value is close to 
zero, the CV will approach zero, see below.  
The temperature values were converted from the Celsius scale to the Kelvin scale. This was done because 
the coefficient of variation (CV) is a relative measure of variation and hence only makes sense for positive 
CV values. Negative CV values hence do not make sense, and thus the values were converted from the 
Celsius scale to the Kelvin scale. 
The anomaly is the measure of change between the baseline and a given time period: 
Anomaly between time period Xn and the baseline Xb is then given by: 
Anomalyn-b=Xn-Xb. 
In this study the baseline is set to be the Pre industrial era, and the baseline is then subtracted from each of 
the previous five time periods, to show how the climate compared to the Pre industrial era. From the five 
results, Maastrictian vs. Pre industrial, Early Eocene vs. Pre industrial etc., the average anomaly was 
calculated, resulting in a map showing how much the precipitation and the temperature respectively 
differed from the 5 previous time periods. 
For each point the standard deviation was calculated, which is a measure of how much dispersion there 
exists from the mean, and is calculated as following: 
  
   
 
 
        
 
   
           
 
 
   
 
   
 
The CV is a relative measure of variation, as mentioned above, and is calculated as following: 
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The CV determines the ratio of the standard deviation to the mean, and is hence useful for comparing data 
sets where the means are much different from one another. 
In order for the reader to better see where the CV for the precipitation and temperature, respectively, are 
low and high, two maps were made showing the areas where the 10 % lowest CV are and the areas where 
the 10 % highest values are. This was done by highlighting the 173 lowest values (since there are 1734 
points in the Pre industrial era) and highlighting the 173 highest values.  
 
For each time period the average precipitation in mm/year and the global mean temperature, were 
calculated in order to see the average change in precipitation and temperature through time. The reason 
for it to be the global average was that for each time step back in time, starting from the Miocene, the 
number of points with data decreased, making the global sum of precipitation useless if one want to 
compare the data through time.  
The global CV for precipitation and temperature were calculated, to investigate how much the two 
parameters varied on a global scale through time.  
Furthermore the global anomaly for precipitation and temperature through time was calculate, both in 
numeric values and in percentage change with the Pre industrial era as baseline.  
 
8.0.6 Climatic stable and unstable parts of the world  
A compilation was made of the map showing in which parts of the world the three biome classification 
schemes were consistent upon the age of the current day biomes to be either 50 or 65 MY old, the map 
showing the parts of the world where the three classification schemes were consistent that there only had 
been 0 or 1 change in biomes, the map showing the 10 % lowest CV values of precipitation and the map 
showing the 10 % lowest CV values of temperature.  
The resulting map hence shows the parts of the world in which the analysis indicate stable climate, and 
how many of the analyses are consistent upon the stable climate. 
Another map was made showing in which parts of the world, the analysis suggested unstable climate. This 
was done by compiling the map showing in which parts of the world the three classification schemes were 
consistent upon the age of current day biomes to be 0 or 5 MY old, the map showing the parts of the world 
in which the three classification schemes were consistent up there had been 3-4 changes of biomes, the 
map showing the 10 % highest values of CV in precipitation and the map showing the 10 % highest values of 
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CV in temperature.  
By doing so a map was made showing which parts of the world the analysis suggested unstable climate, and 
how many of those analyses that were consistent upon the unstable climate. 
 
8.0.7 Climate in the Updated Wallace realms  
In order to investigate the climate change through time in the 11 updated Wallace realms, the biome data 
from the three classification schemes, the precipitation in mm/year and the temperature in Kelvin data 
were extracted in ArcGIS, by extracting the point values that overlapped with Wallace realms. In some 
areas the distribution of the points did not match the extent of the updated Wallace realms, so as not to 
lose too much data, some of the points that did not overlap the updated Wallace realms were moved 
manually in ArcGIS, see figure 6. In some areas where it was uncertain whether a point was supposed to be 
overlapping one or another realm, the data point was not moved. 
Figure 6: The map shows how the points that did overlap the updated Wallace realms were moved so the data contained in the 
points would be included in the analyses. The green dots show the original positions of the data points while the red dots show 
where the points were moved in order to be included in the analysis. While it in most cases were obvious in which realms the 
points should be moved to, it was sometimes not obvious in which realm a given point should be included in. The point encircled 
in the map above was such a case, and since it was uncertain whether it should be included in the Oriental- or Sino-Japanese 
realm, it was not moved and hence omitted from any further analyses. 
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After the points had been moved, the new latitude and longitude coordinates were extracted in ArcGIS, 
and the new coordinates replaced the old coordinates in the three classification schemes data, the 
precipitation- and temperature data, to insure that the analysis were stringent through the different data. 
The data containing age of the current day biomes, number of changes of biomes, the CV of precipitation 
and temperature were extracted within each realm. 
For each realm it was then calculated, for each classification scheme, the percentage extent of the different 
ages of biomes and number of changes of biomes. Furthermore box plots, based on the CV of precipitation 
and temperature, were made in R. 
The outliers in the box plots are calculated as following: 
1: Range between lower and upper quartiles is calculated. 
2: The range is multiplied by 1.5 (the default setting in R), resulting in a value X. 
3: The value X is subtracted from the lower quartile resulting in a value L, and added to the upper quartile 
resulting in a value U. 
4: The lowest value in the dataset, higher than the value L, is set to be the limit of the lower whisker, and 
the highest value in the dataset, lower than the value U, is set to be the limit of the upper whisker. 
All the dataset values outside the whiskers are marked with an empty black circle, and seen as outliers. 
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9 Results 
To build a comparable spatial dataset, I am 
correcting by continental drift and the 
different position of continents and land 
masses since the Maastrichtian age.  
From the Continental drift map, figure 7, 
showing the areas in which there have been 
more or less overlap between the BRIDGE 
data and the projected BRIDGE data, with the 
use of the PointTracker software, we see that 
the majority of the projected data points fits 
with the BRIDGE data, i.e. most the world is 
shown in dark green and light green colors, 
indicating that in those colors that there have 
been overlap in all the time periods, or all but one. North America is likewise covered by mostly dark green 
in the Rocky Mountains, the northern eastern coastal regions and Greenland and light green colors in the 
interior of Greenland. The areas in North America in which there are low consistency between the BRIDGE 
data and projected data are the areas on the eastern coast and the area at Florida and Cuba. In Central 
America there are both areas with low and high overlap between the datasets. In South America most of 
the projected data fits with the BRIDGE data, especially the Amazonian regions. Few of the coastal areas 
have 1 mismatch between the projected points and the BRIDGE data, while the Patagonian regions have 2 
mismatch between the projected data and the BRIDGE data. The Antarctica mainland has good correlation 
between the BRIDGE data and the projected data, while the coastline of Antarctica varies in the correlation, 
from 0 to 4 mismatches between the projected data set and the BRIDGE data. In Africa, there is a good 
correlation between the two datasets, especially in the interior, where there is 0 mismatches, while the 
coastlines again vary with the correlation between 0 and 4 mismatches. The dataset containing Madagascar 
varies with 1 and 2 mismatches between the projected dataset and the BRIDGE dataset. In the eastern part 
of Eurasia there is good correlation between the BRIDGE data and the projected data, with mostly 0 
mismatches Eastern part of Eurasia. The coastal part of east Eurasia varies in mismatches, with the 
Japanese area having 1 and 3 mismatches, and Kamchatka having 3 and 4 mismatches. From India and 
northwards there is variation in the mismatches, ranging from 0 mismatches to 4 mismatches, with mostly 
2 and 3 mismatches between the datasets, and the area around Kazakhstan has mostly 2 mismatches 
between the datasets. In the Middle East most of the area has 2, 3 and 4 mismatches between the datasets. 
Figure 7: This figure shows in which areas the land extent of the BRIDGE 
data and the projected data, using PointTracker, are most consistent. In 
the dark green areas the land extent between the two are consistent 
for each of the projections using PointTracker, whereas in red areas 
indicate that there are no consistency between the BRIDGE data and 
the projected data. 
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In Europe there is higher consistency between the two datasets, i.e. 1 mismatch between the two datasets, 
but also contains areas with 0, 2, 3 and 4 mismatches. The area around Borneo and the Philippines has 
many mismatches between the two datasets, with the Philippines having 4 mismatches, and Borneo 
covered mostly with 3 and 4 mismatches, but also has two points having 0 and 1 mismatches respectively. 
The area of New Guinea has much mismatch, 3 and 4. The datasets containing Australia has few 
mismatches, having mainly 0 mismatches in the central and eastern part of Australia, and 1 mismatch in the 
eastern part of Australia. The southern coastline of Australia has areas with 2 mismatches, and in one case 
3 mismatches. New Zealand is has a low/none correlation between the datasets, having 3 and 4 
mismatches. 
The number of data points that overlap the BRIDGE data, when projecting the current day data point back 
in time, reduces each time step from the Pliocene epoch back to the Maastrichtian age, having 1734 points 
in the Pliocene and 1227 in the Maastrichtian age. The drop of overlap between the projected data points 
and the BRIDGE dataset are higher between the Pliocene period to the Miocene epoch and between the 
Early Eocene epoch and the Maastrichtian age. The reduction of data points between the Miocene and 
Chattian is almost equivalent to the reduction of data point between the Chattian and the Early Eocene. 
 
9.1 BIOME4 
9.1.1 Reclassification 
The reclassification of the pre industrial era 
BIOME4 dataset into 5 main groups, figure 8, 
shows Tropical regions in the northern parts of 
North America and Asia. Also the Tropical regions 
can be found in the middle of Asia. Furthermore 
the Tropical regions cover the most South America, 
most of Africa, especially the central part of Africa, 
Madagascar, most of the Oriental regions, and 
most of New Guinea and Australia. The dry areas 
are located mainly in the Saharo-Arabian region, 
but also present at the eastern coasts of North- and South America, southern tip of Africa, around the 
Himalayan regions and in the southern part of Australia. The Temperate biomes are mainly in the same 
latitude across the globe, approximately southern Europe, but there are also Temperate biomes in the 
northern part of North America and Eurasia, in the southern parts of South America, Africa and Australia. 
Figure 8: This map shows the reclassified BIOME4 data, of the 
Pre Industrial era, into the 5 main biome classes.  
Page 35 of 78 
 
There are Cold biomes in all parts of the world, but the majority of the Cold biomes are gathered in the 
northern parts of North America and Eurasia and in the coastal areas of Antarctica. Also there is a cluster of 
Cold biomes around the Himalayan regions. There are only Polar biomes in the interior of Greenland and 
Antarctica, see figure 8.  
 
9.1.2 Age of current biomes 
From the calculations of the current biomes, we 
see that the oldest biomes, 65 MY old, mainly are 
located in the tropical regions of South America 
and Central Africa and mid North America, see 
figure 9. A few areas in the Oriental region also 
have biomes which are 65 MY old. In general, the 
surrounding areas of the very old biomes are very 
young biomes, 0 MY old, and young biomes, 5 MY 
old. Antarctica have large areas that are 30 MY old 
while the coastlines are of Antarctica generally 0 
MY old. The Sahara is mostly 10 MY old, but varies 
between 0 and 30 MY old. Europe has some biomes which are 50 MY old, but also contains biomes with 
ages ranging from 0 to 65 MY. Central Eurasia is generally new, with 0 MY old biomes dominating the area, 
and biomes with the age of 5 and 10 MY, vastly represented. Australia is mostly covered in 0 MY old biomes, 
but has also biomes ages ranging from 5 to 65 MY.  
 
9.1.3 Number of biome changes 
In general there are few changes in biomes 
throughout the Earth, mainly the number of 
changes are 2 or less, see figure 10. The areas with 
no biome change through time are mainly in the 
tropical regions and in mid North America, i.e. the 
climate has been highly stable in these regions. 
Antarctica has large areas with 3, 4 and 5 changes 
in biomes. Large parts of Asia and Europe have 1 
Figure 9: The map shows the age of current biomes. Red areas 
indicates young biomes, 0 MY old, while the darkest blue areas 
indicates old biomes, 65 MY old. 
Figure 10: This map show the number of biome changes the last 
65 my. The darkest blue color indicates stable areas, 0 changes, 
while the red areas indicate unstable areas, 5 changes. 
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change in biomes. The Himalayan biomes have mostly undergone 3, 4 or 5 changes of biomes, e.g. it has 
been more unstable there. 
 
9.1.4 First appearance of current biomes 
From the first appearance analysis of the BIOME4 
classifications we see in the Tropical regions of the 
world, vast areas in which the current biomes first 
appeared 65 MY ago, see figure 11. In Tropical 
regions we also see biomes which first occurred 50 
MY ago, and scattered across the Tropical regions 
some areas which first occurred in the Pre industrial 
era and 5 MY ago. Other clusters of biomes first 
appearing 65 MY ago, are in mid North America, 
Bering, Thailand and Northern Asia. Areas with 
biomes that first appeared 50 MY ago are mainly in 
Europe, but can also be found throughout the Earth. The biomes which first appeared 30 MY ago are mainly 
found in Antarctica, but are also found various other places on Earth. In Antarctica are also areas south of 
South America, with biomes first appearing 10 MY ago. The Saudi Arabian regions is also mostly dominated 
with biomes first appearing 10 MY ago, along with the northern part of North America and the northern 
part of mid-Eurasia. The biomes which first appeared 5 MY ago are scattered across the globe but mostly 
gathered northeastern Africa and the area northeast of Turkey. The biomes that first appeared in the Pre 
industrial era are found across the globe. In North- and South America the biomes which first appeared in 
the Pre industrial era are mainly located along the western coastline, and in the Greenland ice sheet. 
9.1.5 Number of unique biomes 
Most of the terrestrial parts of the Earth have 
experienced 2 or 3 changes in biomes, see figure 
12. The areas which only have had 1 biome type 
through the 6 time periods, highly stable, are 
mainly in the Tropical regions. An area in the mid-
eastern part of North America also has had only 1 
biome type through the 6 time periods.  Areas 
which have had 4 different climate types are found 
Figure 11: The map shows when the current biomes first 
appeared. Red color indicates that the current biome first 
appeared during the Pre Industrial era, while the darkest blue 
color indicates that the current biomes first appeared 65 MY 
ago. 
Figure 12: The map shows the number of biomes that have 
occupied the terrestrial world. The darkest blue color indicate 
highly table areas, which only 1 biome have occupied the area, 
while the red color indicate highly unstable areas, in which 5 
biomes have occupied the area. 
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across the globe, as the Mid- and South Andes, The Himalayan region and Antarctica. Few Areas have had 5 
climate types through the 6 time periods, highly unstable, which are located in the Southern Andes, the 
Himalayan region and southwestern Australia. 
9.2 Holdridge 
9.2.1 Reclassification 
The reclassification of the Holdridge data into 5 
main biome classes shows, that the Tropical 
regions cover most of Pre industrial South America, 
Panamanian region, Central Africa and the Oriental 
region, see figure 13. The Dry regions mostly found 
in the Saharo-Arabian region Kazakhstan, but also 
found in the northern part of Central America, in 
the Andes, southern tip of Africa and Australia. 
The Temperate biome mostly found surrounding 
the Dry climates across the globe, but also found in 
the northern Rocky Mountains and New Zealand. The Cold biomes are mostly found the northern 
hemisphere in a belt across North America and Eurasia, but are also found in the southern part and South 
America, Africa and Australia. The Polar biomes cover most of Greenland, the coastal line of North America 
and Eurasia, and cover the entire of Antarctica. 
9.2.2 Age of current biomes 
From the biome age calculations we see a cluster 
of very old biome, 65 MY ago, in the tropical 
regions in both South America, Africa, see figure 
14. Furthermore there are some very old biomes 
in North America, the Baltic and Asia, all 
approximately in the same latitude. The old 
biomes with an age of 50 MY are located 
approximately the same regions as the very old 
biomes.  The biomes with an age of 30 MY are 
mainly located in, and covering most of, Antarctica, 
but can also be found across the globe. The 10 MY old biomes are mainly found in the Saharan region, the 
southeastern part of North America and northern Eurasia. The 5 MY old biomes are found in all parts of the 
Figure 13: This map shows the reclassified Holdridge data, of 
the Pre Industrial era, into the 5 main biome classes. 
Figure 14: The map shows the age of current biomes. Red areas 
indicate young biomes, 0 MY old, while the darkest blue areas 
indicate old biomes, 65 MY old. 
Page 38 of 78 
 
world, but are mainly found in the interior of North America, interior of Greenland and in the Middle East. 
The very young biomes, 0 MY, are also scattered across the globe in large clusters. These clusters are found 
in the northern coastline of North America, the coastline of Greenland and Eurasia, mid-Eurasia, southern 
Andes and Australia. 
 
9.2.3 Number of changes of biomes 
The Tropical regions are dominated with areas with 
0 or only 1 change of biomes, see figure 15. Mid 
North America and Northern Europe have also 
experienced 0 or 1 changes in the biomes, ie. Very 
stable. In Antarctica the area have mainly had 1 and 
2 biomes, with a few exceptions where there have 
been 3 or 4 changes of biomes. Large areas which 
have had 2 changes of biomes are also found all 
across the world, especially in northern Eurasia. 
Areas which have had 3 changes of biomes are 
mostly found in the northern hemisphere, but are 
also found in southern South America, southern Africa and Australia. The areas that have had 4 changes are 
likewise mostly found scattered across the northern hemisphere. A few areas have had 5 changes of 
biomes and are mainly found in the Himalayan region, northern- and southern South America, southern tip 
of Africa and Australia. 
9.2.4 Number of unique biomes 
The Tropical regions are vastly covered with areas 
that only have had 1 and 2 biomes, see figure 16. 
The same pattern is seen in mid-North America, 
mid-Europe and Eastern Asia. Antarctica is covered 
with areas which have had 2 or 3 biomes, with a 
few exceptions on the coastline which have had 4 
different biomes. The areas which have had 3 
biomes are found across the globe, but mainly 
found in the northern parts of North America, 
Saharo-Arabian regions, mid-Eurasia, the Orient, 
Australia and as previously mentioned in 
Figure 15: This map show the number of biome changes the 
last 65 MY. The darkest blue color indicates stabile areas, 0 
changes, while the red areas indicate unstable areas, 5 
changes. 
Figure 16: The map shows the number of biomes that have 
occupied the terrestrial world. The darkest blue color indicates 
highly table areas, which only 1 biome have occupied the area, 
while the red color indicates highly unstable areas, in which 5 
biomes have occupied the area. 
Page 39 of 78 
 
Antarctica. Areas which have had 4 biomes are found across the globe, but clusters are found in southern 
South America, the southern tip of Africa, the Middle East and southwest Australia. A single point has had 5 
different biomes through the time steps, which is found in southern South America. 
 
9.2.5 First appearance of current biomes 
Vast areas have current biomes which first 
appeared 65 MY ago, see figure 17. These are 
located in the Tropical regions and in the northern 
hemisphere. Areas with current biomes which first 
appeared 50 MY ago, are mainly found in North 
America, Europe, tropical regions of Africa and the 
Orient. In Antarctica most of the current biomes 
first appeared 30 MY ago, with some exceptions 
along the coastline of Antarctica, where some 
current biome first appeared 10 or 5 MY ago. The 
biomes that first appeared 10 MY ago are mainly 
found in the southern parts of North America, 
Saharo-Arabian regions and mid-Asia. Current biomes which first appeared 5 MY ago are mainly found in 
Greenland and the Middle East. Current biome which first appeared in the Pre Industrial era are found in 
North America, South America, Australia, the Middle East and northern coastline of Eurasia. 
9.3 Köppen-Geiger 
9.3.1 Reclassification 
For reasons unknown, the extent of the Köppen-
Geiger data did not match the land extents of the 
BIOME4 and Holdridge data. The black regions are 
the areas in the Pre Industrial regions which have 
no data, while in the BIOME4 and Holdridge there 
is climate data in areas in question. Apart from 
this, the reclassification of the Köppen-Geiger 
classifications into the 5 main biome classes shows 
a large tropical area in the equatorial regions 
across the globe, see figure 18. Apart from the 
equatorial regions, the Tropical biomes are also found in North America, Europe and northeastern Asia. The 
Figure 17: The map shows when the current biomes first 
appeared. Red color indicates that the current biome first 
appeared during the Pre Industrial era, while the darkest blue 
color indicates that the current biomes first appeared 65 MY 
ago. 
Figure 18: This map shows the reclassified Köppen-Geiger data, 
of the Pre Industrial era, into the 5 main climate classes. 
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Dry biomes are found in the coastlines of North America, Eurasia and Antarctica. Furthermore the Dry 
biomes are found in southern parts of South America, northern- and southern Africa, the Middle East, the 
Himalayan regions, Australia and New Zealand. The Temperate biomes are found the mid- North America, 
southern regions of South America, Europe and the Orient. Along the coastline of Antarctica, Eurasia, 
southern Africa and Australia the Temperate biomes are also found. The Cold biomes are dominating the 
northern hemisphere, covering large areas of North America and Eurasia, and are also found along the 
coastline of Antarctica. The Polar biomes are covering interior of Antarctica and Greenland, nut is also 
found along the northern coastline of Eurasia a few places. 
 
9.3.2 Age of current biomes 
The ages of the biomes in the equatorial regions 
are mainly 65 MY old, see figure 19. Apart from the 
equatorial regions, North America, Eastern Europe 
and northern Asia have also vast areas of very old 
biomes. Around the very old biomes, 65 MY old, in 
the northern hemisphere are also found biomes 
which are 50 MY old. The biomes which are 30 MY 
old are mainly found in mid-Eurasia and Antarctica. 
Biomes which are 10 MY old are mostly found in 
the Saharo-Arabian region, Australia and Antarctica. 
The areas with 5 MY old biomes are mostly North America, southern South America, Europe, the Middle 
East, Australia and the coastline of Antarctica. The newest biomes, 0 MY old, are found in northern- and 
southern parts of North America, Saharo-Arabian region, southeastern Europe and the Orient. The young 
biomes can also be found in the same latitude in South America, southern tip of Africa and Australia.  
 
9.3.3 Number of changes of biomes 
Large areas in the equatorial regions of the world have had no changes of biomes, see figure 20. Areas in 
North America and Europe and Asia have also had no change of biomes. In North America and Eurasia are 
also large areas which have had 1 change of biomes through the 6 time steps. The Saharan region is also 
mostly covered areas which have had 1 change of biomes. Antarctica has also large areas in the interior 
with only 1 change of biomes. The areas which have had 2 changes of biomes through the time steps are 
mainly found in North America, Eurasia, Australia and Antarctica. The areas which have had 3 changes of 
biomes are scattered across the globe, but are mostly found in North America, Europe, Australia and 
Figure 19: The map shows the age of current biomes. Red areas 
indicate young biomes, 0 MY old, while the darkest blue areas 
indicate old biomes, 65 MY old. 
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Antarctica. Few areas across the globe have had 
4 changes of biomes through the time steps, and 
are found on each continent. Even fewer areas 
have had 5 changes of biomes through the time 
steps and are located in eastern North America, 
southern Europe, Japan and Antarctica. 
 
9.3.4 First appearance of current biomes 
Vast areas have current biomes which first 
appeared 65 MY ago, which are the equatorial 
regions, areas in North America, Europe, Asia and 
a few places in the coastline of Antarctica, see 
figure 21. The current biomes which first 
appeared 50 MY ago are mainly found in North 
America and across Eurasia. The current 
Antarctica biomes first appeared 30 MY ago, 
while the mid-Eurasian region also have current 
biomes which first appeared 30 MY ago. The 
current Saharo-Arabian biomes along with mid-
Australia and some areas of Antarctica biomes 
first appeared 10 MY ago. The current biomes of 
mid-Greenland, coastal regions of Antarctica, 
Australia and northern Eurasia and the current biomes of Europe and the Middle East first appeared 5 MY 
ago. The current biomes that first appeared in the Pre industrial era are found across the globe, but two 
clusters of these biomes are found in Greenland and the Himalayan region.  
 
  
Figure 20: This map show the number of biome changes the last 
65 my. The darkest blue color indicates stabile areas, 0 changes, 
while the red areas indicate unstable areas, 5 changes. 
Figure 21: The map shows when the current biomes first 
appeared. Red color indicates that the current biome first 
appeared during the Pre Industrial era, while the darkest blue 
color indicates that the current biomes first appeared 65 MY 
ago. 
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9.3.5 Number of unique biomes 
Large areas in the equatorial regions have only had 
1 biome through the 6 time steps, along with areas 
in the northern hemisphere, mainly northern Asia, 
which also only have had 1 biome across the time 
steps, see figure 22. Areas that have had 2 biomes 
across the time steps are also covering vast areas 
across all continents except Australia. The areas 
that have had 3 biomes are mostly found in North 
America, Europe, the Orient, Australia and 
Antarctica. No areas in South America, Middle 
America or Africa have had areas with 4 or 5 
biomes. Very few areas which have had 4 biomes 
through the time steps are found in North America, Eurasia and Australia, while Antarctica have had larger 
areas which have had 4 biomes. One tiny area in Antarctica has had 5 different biomes through the time 
steps. 
9.4 Comparison of all 3 biome schemes 
9.4.0.1 Age of biomes 
The comparison of ages based on the three 
different classification schemes shows that in the 
majority of the Antarctica region the different 
classification are consistent upon the age of the 
biomes, see figure 23. No similar pattern is seen in 
rest of the terrestrial parts of the Earth, but 
scattered across the globe are areas in which the 
three classifications are consistent on the biome 
ages. The areas in which two of the classification 
schemes are consistent with the biome ages are 
dominating most of the globe, apart from 
Antarctica and northern North America and Eurasia. In most of the northern North America it seems like 
there is inconsistency between the different classification schemes prediction of the biome ages. In South 
Africa, Africa and Australia areas in which there is no consistency between the ages of the biomes are 
found. In Antarctica very few areas show inconsistency between all three age predictions. 
Figure 22: The map shows the number of biomes that have 
occupied the terrestrial world. The darkest blue color indicates 
highly table areas, which only 1 biome have occupied the area, 
while the red color indicates highly unstable areas, in which 5 
biomes have occupied the area. 
Figure 23: The map shows in which areas the different 
classification schemes are consistent on the age of the biomes. 
In the blue areas the three classification schemes are consistent 
with the age of the biomes, while in the pink areas none of the 
classification schemes are consistent on the age of the biomes. 
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9.4.0.2 Number of changes of biomes 
When comparing the results from three 
classification schemes, showing number of biome 
changes, we see that in Antarctica there are large 
regions in which there is consistency between the 
results, see figure 24. Apart from Antarctica there 
are areas scattered across the globe in which the 
three classification schemes agree upon the 
number of climate changes. No pattern seems to be 
seen for the areas in which two of the classification 
schemes agree upon the number of climate changes, 
apart from these areas are scattered across the 
globe. The areas in which none of the classification schemes agree upon the number of changes are 
similarly scattered across the globe, but covers slightly less in Antarctica. 
 
9.4.0.3 First appearance of current biomes 
In the equatorial regions there are vast areas 
with consistency between the three 
classifications schemes upon when the current 
biomes first appeared, see figure 25. Similarly in 
Antarctica there is consistency between the 
schemes upon when the current biomes first 
appeared. Apart from the equatorial regions and 
Antarctica, the areas in which the there is 
consistency between the classification schemes 
are located in mid-North America, Europe and 
northeastern Asia. The areas in which two of the 
classification schemes are consistent are 
scattered all across the globe. The areas in which none of the three classification schemes are consistent on 
the first appearance are likewise scattered across the globe, but not found so many places in Antarctica. 
 
  
Figure 24: The map shows in which areas the different 
classification schemes are consistent on the number of changes 
in biomes. In the blue areas the three classification schemes 
are consistent with the number of changes in biomes, while in 
the pink areas none of the classification schemes are 
consistent on the number of biome changes. 
Figure 25: The map shows in which areas the different 
classification schemes are consistent on when the current 
biomes first appeared. In the blue areas the three classification 
schemes are consistent on when the biomes first appeared, 
while in the pink areas none of the classification schemes are 
consistent on when the biomes first appeared. 
Page 44 of 78 
 
9.4.0.3 Number of unique biomes 
The areas, in which the three classification schemes 
predict the same amount of unique biomes 
occupying a given area, are found across the globe, 
but mostly found in Antarctic see figure 26. The 
areas in which two of the classification schemes 
agree upon the number of unique biomes, are 
found all across the globe, and are the most 
dominating case. The areas in which none of the 
classification schemes are consistent upon the 
number of unique biomes, are also found all across 
the world.  
9.4.1 Consistency between biome schemes 
9.4.1.1 Age of the biomes 
The areas in which the three classification schemes 
are consistent upon the biome age being 50-65 MY 
old are mainly found in the equatorial regions in 
both South America, Africa, see figure 27. The areas 
in which the classification schemes are consistent 
on the biomes being 0-5 MY old are found in all the 
continents, but mostly found near coastlines. 
 
9.4.1.2 Number of changes of biomes 
The analysis on which areas in which the three 
classification schemes are consistent upon the 
number of biome changes, shows that in the 
equatorial region and in Antarctica the 
classification schemes mostly agree upon 0 or 1 
change of biomes, see figure 28. In the northern 
hemisphere are also found areas scattered across 
the continents in which the classification schemes 
also agree upon 0 or 1 biome change. Few areas 
Figur26: The map shows in which areas the different 
classification schemes are consistent on the number of unique 
biomes have occupied the areas. In the blue areas the three 
classification schemes are consistent with the number of 
unique biomes, while in the pink areas none of classification 
schemes are consistent on the number of unique biomes. 
Figure 27: The map shows in which areas the three 
classification schemes are consistent on the biomes being 50-65 
MY old, blue color, and the areas in which they are consistent 
on being 0-5 MY old, orange color. 
Figure 28: The map shows in which areas the three 
classification schemes are consistent on the number of biome 
changes. Blue color indicates the highly stable areas, 0-1 biome 
change, and orange color indicates highly unstable areas, 3-4 
biome changes. 
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are found, in which there is consistency that there have been 3 or 4 changes of biomes, and these areas are 
found mostly in northern North America and Australia. No areas in Eurasia are found with 3 or 4 biome 
changes, and only one area in South America and one area in Africa have had 3 or biome 4 changes. 
 
9.4.1.3 First appearance of current day biomes 
In most of the equatorial regions the three 
classification schemes are consistent upon when 
the current biomes first appeared 50-65 MY ago, 
see figure 29. Other areas in which they are 
consistent on the biomes first appeared 50-65 MY 
ago are North America, Europe, Eastern Asia a few 
eastern areas in Australia. In few areas are the three 
classifications schemes consistent upon the biomes 
first appearing 0-5 MY ago, and these areas are 
found in North America, Middle East, northeastern 
Asia, equatorial region of the Orient and the 
coastline of Antarctica. 
 
9.4.1.4 Number of unique biomes 
In all continents are areas in which the three 
classification schemes are consistent on the results, 
that there only have been 1 or 2 unique biomes 
through the 6 time steps, see figure 30. In Australia 
though, only very few areas show these results. 
Areas in which the three classification schemes 
agree there have been 3 or 4 unique biomes across 
the 6 time periods, are found on all continents, but 
are not seen in the equatorial regions, and only a 
few places in South America, Africa, mid-North 
America and northeastern Asia. 
  
Figure 29: The map shows in which areas the three 
classification schemes are consistent on when the current 
biomes first appeared. Blue color indicates the biomes first 
appearing 50-65 MY ago, and red color indicates that the 
biomes first appeared 0-5 MY ago.  
Figure 30: The map shows in which areas the three 
classification schemes are consistent on how many unique 
biomes have occupied the areas Blue color indicates that they 
are consistent on 1-2 unique biomes, and red color indicates 
that they are consistent on 3-4 unique biomes. 
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4.9.2 Percentage same results 
By comparing the results from the classification schemes two by two, it is seen, for the number of unique 
biomes, that the Holdridge and Köppen-Geiger schemes have the highest percentage of same predictions, 
45.4 %, while BIOME4 and Holdridge schemes have 44.4 % same predictions, and BIOME4 and Köppen-
Geiger scheme have the lowest percentage of same predictions, 36.9 %, see table 5.  
As for the number of biome changes, the classification schemes that have the highest percentage of same 
predictions are the Holdridge- and Köppen-Geiger scheme, having 39.0 % same predictions, while BIOME4- 
and Holdridge scheme have 36.6 % same predictions and BIOME4- and Köppen-Geiger have 31.5 % same 
predictions.  
For the current biome ages, the Holdridge- and Köppen-Geiger schemes have the highest percentage of 
predictions, having 44.98 % same predictions, while BIOME4- and the Holdridge scheme have 43.5 % same 
results, and BIOME4 and the Köppen-Geiger scheme have 33.9 % results in common.  
For the calculations of the first appearance of the current biomes, BIOME4 and the Holdridge scheme have 
the highest percentage of common results, 48.6 %, while the Holdridge and Köppen-Geiger schemes have 
50.4 % same predictions and the BIOME4 and Köppen-Geiger schemes have 41.98 % same predictions. 
On average, the BIOME4 and the Holdridge scheme have the highest percentage of common results, 44.4 %, 
while Holdridge- and the Köppen-Geiger scheme have 43.3 % results in common, and BIOME4- and the 
Köppen-Geiger scheme have 36.9 % of the results in common. 
 
Comparison same_uniques same_changes same_ages same_f_apps averages
B4_vs_Hol 48.84659746 36.62053057 43.54094579 48.55824683 44.39158
B4_vs_Kop 40.31141869 31.5455594 33.85236448 41.98385236 36.9233
Hol_vs_Kop 47.05882353 39.04267589 44.98269896 50.40369089 45.37197   
Table 5: This table shows the percentage of consistency between the results from the three classification schemes. 
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9.5 Accumulated climate area through time 
9.5.1 BIOME4 
9.5.1.1. Without the plate tectonic taken into account 
After reclassifying the biomes into the five main 
biome classes, the total area for each main 
biome classes were calculated in Idrisi, both 
before and after taking the continental drift into 
account. The accumulated area through time, 
without taking continental drift into account, 
shows that the Tropical biomes have covered 
the most throughout the six time periods, 
covering ~330 million km2, see figure 31.  The 
next most extensive biomes have been the Temperate biomes, covering approximately 305 million km2, 
while the Cold biomes are the third most extensive biomes covering ~205 million km2. The Deserts have 
covered the forth most through the six time periods, covering a total of ~70 million km2, and the Polar 
biomes have covered the least, covering a total of ~50 million km2.  
Looking at the extent of each climate class in 
each time step, we show that in the 
Maastrichtian age, the Temperate biomes 
covered the most, ~58 million km2, while the 
Tropical biomes covered next most, ~51 million 
km2, see figure 32. The Cold biomes covered ~17 
million km2, while the Desert biomes covered 
~11 million km2 and the Polar biomes covered 
~1.7 million km2. In the Early Eocene the 
Temperate biomes expanded to ~75 million km2, still covering the most, and the Tropical biomes also 
expanded, to ~66 million km2. The Cold biomes neither expanded nor decreased, while the area of the 
Deserts decreased to ~5 million km2 and the Polar biomes were not present.  
In the Chattian age, the area of the Temperate biomes decreased to ~55 million km2, while the Tropical 
biomes decreased less, covering a total of ~62 million km2. The Polar biomes appeared in Chattian, covering 
~31 million km2. The Desert biomes increased to ~7 million km2, and the Polar biomes emerged, covering 
~8 million km2 during the Chattian. In the Miocene the Temperate biomes decreased further, covering ~39 
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Figure 31: This figure shows the accumulated area of each of the 
main biome classes, based on BIOME4, through the six time 
periods. 
Figure 32: The figure shows the extent of each of the main biome 
classes, based on BIOME4, from the Maastrichtian age to the Pre 
Industrial era. 
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million km2. The Tropical biomes also decreased, covering ~50 million km2, while the Cold biomes expanded 
to cover ~49 million km2. Both the Desert- and the Polar biomes expanded in between the Chattian and the 
Miocene, in which both covered ~14 million km2 during the Miocene.  
From the Miocene to the Pliocene, the Temperate biomes increased in area to ~42 million km2, the Tropical 
biomes decreased to ~49 million km2 and the Cold biomes increased to ~50 million km2. The Desert biomes 
increased to ~19 million km2 while the Polar 
biomes decreased ~8 million km2. From the 
Pliocene to the Pre industrial era the Temperate 
biomes decreased to ~37million km2, the 
Tropical biomes increased to ~55 million km2, the 
Cold biomes decreased to ~45 million km2, the 
Desert biomes decreased to ~12 million km2 
while the Polar bimoes increased to ~14 million 
km2. 
9.5.1.2 Plate tectonics taken into account 
The area calculations were also carried out with the dataset in which the plate tectonics where taken into 
account. For the accumulated area for each of the main biome classes, the same patterns are found as 
above mentioned, that the Tropical biomes have covered the most, the Temperate biomes have covered 
next most, the Cold biomes have covered third most, the Desert biomes covered forth most while the Polar 
biomes have covered the least, see figure 33. The difference is the general decrease in area within some of 
the biome classes. The accumulated climate area 
for the Tropical biomes reduced by ~30 million 
km2, the Temperate biomes reduced by ~35 
million km2, the Cold biomes reduced by ~15 
million km2 and the Desert biomes reduced by ~5 
million km2. The accumulated area of the Polar 
biomes decreased by ~2 million km2.  
The pattern of the biome change in area for each 
of the main biome classes were similar to when 
the plate tectonics were not taken into account, 
see figure 34. 
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Figure 33: This figure shows the accumulated area of each of the 
main biome classes, based on BIOME4, through the six time 
periods. In this analysis the continental drift was taken into 
account. 
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Figure 34: The figure shows the extent of each of the main biome 
classes, based on BIOME4, from the Maastrichtian age to the Pre 
Industrial era. In this analysis the continental drift was accounted 
for. 
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9.5.2 Holdridge 
9.5.2.1 Without the plate tectonics taken into account 
The accumulated area calculations of the five 
main biome classes, based on the Holdridge 
classification scheme, were also carried out, see 
figure 35. The first area calculation, in which the 
plate tectonics were not taken into account, 
shows that the Tropical biomes have covered the 
most through the six time periods, covering ~325 
million km2. The Cold biomes are the second 
most dominating biomes, covering ~295 million 
km2, while the Temperate biomes are the third 
most extensive biomes, covering a total of ~140 
million km2 through the six time periods. The 
Desert biomes, covering a total of ~125 million 
km2, are the fourth largest region, and the Polar 
biomes, covering a total of ~80 million km2, are 
the least dominating biomes through the six 
time periods.  
 
During the Maastrichtian age the Cold biomes 
were the most dominating biomes, covering 
~50 million km2, while the Tropical biomes covered slightly less, ~48 million km2, see figure 36. The Dry 
biomes were the third most dominating biomes with approximately 22 million km2, while Temperate 
biomes covered approximately 21 million km2 and no Polar biomes existed.  
From Maastrichtian to Early Eocene, the Tropical biomes increased to ~61 million km2, making the Tropical 
biomes the most dominating biomes. The Cold biomes increased to 58 million km2, making the Cold biomes 
the second largest region. The Temperate biomes increased to 29 million km2, while the Dry biomes 
decreased to 14 million km2, and the first Polar biomes appeared covering 56,000 km2.  
From Early Eocene to Chattian the Tropical biomes decreased to ~59 million km2, still being the most 
dominating biomes, the Cold biomes decreased to ~47 million km2, the Temperate biomes decreased to 
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Figure 35: This figure shows the accumulated area of each of the 
main biome classes, based on Holdridge, through the six time 
periods. 
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Figure 36: The figure shows the extent of each of the main biome 
classes, based on Holdridge, from the Maastrichtian age to the Pre 
Industrial era. 
Page 50 of 78 
 
~28 million km2 making it the third most dominating biomes, the Dry biomes increased to ~17.3 million km2 
and the Polar biomes increased to ~17 million km2.  
From Chattian to Miocene, the Tropical biomes decreased to ~50 million km2, still being the most 
dominating biomes. The area of the Cold biomes stayed the same, covering ~47 km2, while the Temperate 
biomes decreased to ~25 million km2, the Dry biomes and the Polar biomes increased to ~22 million km2 
and ~20 million km2 respectively.  
In the Pliocene, both the Tropical and the Cold biomes increased in range size with ~2 million, making the 
Tropical biomes the most extensive biomes with ~53 million km2 and the Cold biomes the second most 
extensive biomes with ~49 million km2. The Temperate biomes decreased to ~14 million km2, making it the 
smallest biomes class in the Pliocene, while both 
the Dry and the Polar biomes increased in range 
size to ~26 million km2 and ~21 million km2 
respectively.  
From the Pliocene to the pre industrial era the 
Tropical biomes stayed the same, covering ~53 
million km2, the Cold biomes decreased to ~43 
million km2, the Polar biomes increased to ~28 
million km2, making the Polar biomes the third 
vastest biomes in the pre industrial. The Dry biomes decreased to ~21 million km2, and the Temperate 
biomes increased to ~19 million km2. 
 
9.5.2.2 Plate tectonics taken into account 
For the accumulated area coverage of the five 
main classes, in which the plate tectonics were 
taking into account, the same pattern is seen as 
when the plate tectonics were not taken into 
account, see figure 37. The Tropical biomes are 
the most dominating through time, while the Cold 
biomes are the next most dominating biomes. 
The Temperate biomes cover third most, while 
the Dry biomes cover slightly less than the 
Temperate biomes. The Polar biomes cover the least through the six time steps. When the plate tectonics 
were taken into account, the biome classes decreased in the accumulated area. The Tropical biomes 
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Figure 37: This figure shows the accumulated area of each of the 
main biome classes, based on Holdridge, through the six time 
periods. In this analysis the continental drift was taken into 
account. 
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Figure 38: The figure shows the extent of each of the main biomes 
classes, based on BIOME4, from the Maastrichtian age to the Pre 
Industrial era. In this analysis the continental drift was accounted 
for. 
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decreased ~32 million km2, the Cold biomes decreased ~38 million km2, both the Temperate and the Dry 
biomes decreased by ~14 million km2 and the Polar biomes decreased by ~3 million km2. The patterns of 
the evolving of biome change in each time step were similar to when the plate tectonics were not taken 
into account, see figure 38. 
 
9.5.3 Köppen-Geiger 
9.5.3.1 Without the plate tectonics taken into account 
For the Köppen-Geiger based area calculations of 
the five main biome classes, the Tropical biome 
have dominated the most throughout the six time 
periods, having a accumulated area of ~370 
million km2, see figure 39. The Cold biomes are 
the second most dominating biomes, having an 
accumulated area of ~225 million km2. With an 
accumulated biome area of 150 million km2 the 
Dry biomes ranks as the third most dominating 
biomes through time. The fourth most 
dominating biomes are the Temperate biomes, 
with a total of ~134 million km2 through the six 
time periods.  The Polar biomes are the biomes 
with the least accumulated area through the time 
periods, with a total area of ~54 million km2. 
Through each time period the Tropical biomes are 
the biomes which covers the most, while the 
Polar biomes are the climate which covers the 
least through the time periods, see figure 40.
  
In Maastrichtian the Tropical biomes covered ~63 million km2, the Cold biomes ~32 million km2, the 
Temperate biomes ~23 million km2 and the Dry biomes covered ~18 million km2. No Polar biomes existed 
during Maastrichtian.  
In Early Eocene the Tropical biomes increased to ~66 million km2, the Cold biomes increased to ~51 million 
km2, the Temperate biomes area stayed the same ~23 million km2, the Dry biomes decreased to ~17 km2 
and none Polar biomes had appeared yet.  
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Figure 39: This figure shows the accumulated area of each of the 
main biome classes, based on Köppen-Geiger, through the six time 
periods. 
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Figure 40: The figure shows the extent of each of the main biome 
classes, based on Köppen-Geiger, from the Maastrichtian age to 
the Pre Industrial era. 
Page 52 of 78 
 
From Early Eocene to Chattian the tropical biomes increased to ~68 million km2, the Cold biomes decreased 
to ~42 million km2, the Temperate biomes decreased to ~22 million km2, the Dry biomes increased to ~21 
million km2 and the Polar biomes arose to cover ~10 million km2. From Chattian to the Miocene, the 
Tropical biomes decreased to ~59 million km2, the Cold biomes decreased to ~40 million km2, the Dry 
biomes increased to ~29 million km2, the Temperate biomes decreased to ~19 million km2 and the Polar 
biomes increased to ~13 million km2.  
In the Pliocene the Tropical biomes increased to ~62 million km2, the Cold biomes decreased further to ~29 
million km2, the Dry biomes decreased to ~29 million km2, covering slightly less than the Cold biomes. The 
Temperate biomes increased to ~25 million km2, and the Polar biomes increased by ~1 million km2, 
resulting in total area coverage of ~14 million km2.  
From the Pliocene to the pre industrial era Tropical biomes decreased to ~52 million km2, the Dry biomes 
surpassed the Cold biomes in area, with the Dry biomes covering ~36 km2, the Cold biomes covering ~31 
million km2, the Temperate biomes increased to ~32 million km2 and the Polar biomes increased to ~16 
million km2. 
9.5.3.2 Plate tectonics taken into account 
When the plate tectonics are taken into 
account before calculating the climate area 
through the time steps, the accumulated 
biome area decreases, but follows the same 
trends as when the plate tectonics are not 
taken into account, see figure 41. The 
amount area decline for the Tropical biomes 
is ~46 million km2, ~29 million km2 for the Dry 
biomes, ~22 million km2 for the Temperate 
biomes, ~16 million km2 for the Cold biomes 
and ~2 million km2 for the Polar biomes. 
The patterns of the evolving of biome change 
in each time step were similar to when the 
plate tectonics were not taken into account, 
see figure 42. 
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Figure 41: This figure shows the accumulated area of each of the main 
biome classes, based on Köppen-Geiger, through the six time periods. 
In this analysis the continental drift was taken into account. 
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Figure 42: The figure shows the extent of each of the main biome 
classes, based on Köppen-Geiger, from the Maastrichtian age to the 
Pre Industrial era. In this analysis the continental drift was 
accounted for. 
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9.5.4 Rerun on previous project (Thrane, 2012) 
9.5.4.1 Another Köppen-Geiger classification – Plate tectonics not taken into account 
For the area calculations based on the modified 
alternative Köppen-Geiger classification scheme, 
see figure 43, in which the lower threshold for 
Temperate climate was changed from 0 °C to -3 ° C 
in this thesis, the Cold biomes are the most 
dominating biomes, covering ~270 million km2, the 
Tropical biomes are the second most dominating 
biomes covering ~260 million km2, the Temperate 
biomes covered third most with ~143 million km2, 
the Dry biomed covered forth most with ~ 125 
million  km2  and t he Polar biomes covered the least  
with ~72 million km2. 
During Maastrichtian the Tropical biomes were the 
most dominating biomes, covering ~ 47 million 
km2, while the Cold biomes were the next most 
dominating biomes with an extent of ~37 million 
km2, the Temperate biomes were the third most 
dominating climate with an area of ~23 million km2, 
the Dry biomes were the fourth largest area with 
an area of ~17 million km2 and the Polar biomes 
were the smallest climate covering a total of 
~50,000 km2, see figure 44. From Maastrichtian to 
Early Eocene the Cold biomes increased in range size to ~60 million km2, resulting in the Cold biomes 
becoming the most dominating biomes during Early Eocene, while the Tropical biomes became the second 
most extensive biomes, after increasing in range size to a total of ~53 km2. The Temperate biomes 
decreased in range size to ~19 million km2, while still being the third most extensive biomes during the 
Early Eocene. The Dry biomes remained the same with an extent of ~16 million km2, and the Polar biomes 
were the least extensive biomes with an extent of ~43,000 km2. In Chattian, the most extensive biomes 
were the Tropical biomes which had increased to ~55 million km2 in range size, while the Cold biomes 
decreased to ~49 million km2, while the Temperate biomes increased to ~21 million km2, the Dry biomes 
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Figure 43: The figure shows the accumulated area for each of the 
main biome classes, based on alternative, and modified, Köppen-
Geiger classification schemes. 
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Figure 44: The figure shows the extent of each of the main biome 
classes, from the Maastrichtian age to the Pre Industrial era. The 
main climate classes are based on an alternative, an modified, 
Köppen-Geiger classification scheme. 
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stayed on ~16 million km2 while the Polar biomes increased to ~16 million km2. In the Miocene the Tropical 
biomes declined to ~31 million km2, becoming the second most extensive biomes, while the Cold biomes 
increased to ~52 million km2, becoming the largest biome class during the Miocene. The Temperate, Dry 
and Polar biomes all increased in range size to ~26 million km2, ~24 million km2 and ~16 million km2 
respectively. 
From the Miocene to the Pliocene the Tropical biomes increased to ~43 million km2 while the Cold biomes 
decreased to ~35 million km2, making the Tropical biomes the most extensive during the Pliocene while the 
Cold biomes were the second most extensive. The Temperate biomes increased to ~28 million km2, the Dry 
biomes decreased to ~23 million km2 and the Polar biomes increased to ~19 million km2.  
In the pre industrial era the Tropical biomes decreased to cover ~30 million km2, and the Cold biomes 
increased to cover ~38 million km2, making the Cold biomes the dominating biomes during the Pre 
Industrial era, and the Tropical biomes the second most dominating. The Dry biomes increased in range size 
to cover ~29 million km2, making the Dry biomes the third most extensive. The Temperate biomes 
decreased to ~26 million km2 and the Polar biomes increased to ~25 million km2.  
 
9.6 Anomaly and Coefficients of variations 
9.6.1 Precipitation 
9.6.1.1 Anomaly 
The anomaly in precipitation shows that places in 
which it have been raining more, on average, in the 
past than the pre industrial era are found mostly in 
Antarctica, Australia, northern Africa, mid- and 
northern North America, India and mid- Eurasia  
and northern coastline of Eurasia, see figure 45. 
The areas in which it rained much more on average 
in the past, are found mainly in northern Africa, 
India, Jawa and Sumatera. The areas with the least 
anomaly, with values between -25 and 25, are 
mostly found in the northern hemisphere, in northern North America and northern Eurasia, but are also 
found around the Mediterranean Sea, the Middle East, few places in Africa, South America and the coast of 
Antarctica, southeast of South America.  
Few areas have had much more precipitation during the Pre Industrial era than in average precipitation of 
Figure 45: The map shows the anomalies in precipitation, with 
the Pre Industrial era as the base line. 
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the previous five time periods, and these places are northeastern tip of South America and eastern Papua 
New Guinea. The regions of China, middle and southern Africa and South America are the areas in which 
there has been more precipitation during the Pre Industrial era than the previous five time periods, on 
average.  
 
9.6.1.2 Standard deviation 
The standard deviation of the precipitation 
through the six time period shows that the area 
with lowest standard deviation is in the Saharo-
Arabian region, see figure 46. Asia and the 
northern part of North America have had a low 
standard deviation. Europe and Greenland have 
had moderate level of standard deviation, as the 
coast of Antarctica south of Australia. The 
equatorial regions have had the highest standard 
deviations, along an area in the southern part of 
North America. 
 
9.6.1.3 Accumulated percentage change 
The areas in which the accumulated percentage 
changes through the six time periods, with respect 
to precipitation, are lowest are North America, 
Europe, eastern coast of Asia, New Zealand, the 
Filipinas, Malaysia and the coastal region of 
Antarctica south of North America, see figure 47. 
The areas with much accumulated percentage 
change are China, the Saharan region, northern 
parts of South America and Panama, southern 
Africa and the central part of Antarctica south of 
Australia. 
9.6.1.4 Coefficient of variation 
The CV for the precipitation shows that the lowest coefficients, i.e. most stable, of variations are found 
mainly in the northern Asia, North America, South America, mid-south Africa and Australia, see figure 48. 
Figure 46: The map shows the standard deviation of the annual 
precipitation for the six time periods. 
Figure 47: The map shows the accumulated percentage change 
in the annual precipitation through time. 
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The areas with medium coefficient of variation are 
found in mid Eurasia, northwestern Africa, Western 
Australia and parts of the coast of Antarctica. The 
areas with high coefficients of variations, i.e. most 
unstable, are found in the Panamanian region, the 
Saharo-Arabian region, northeast of the Caspian Sea, 
northwestern part of India, the Filipinas, Papua New 
Guinea and central Antarctica. 
9.6.1.5 Coefficient of variation  
- below 10 % / above 90% 
 The areas in which the coefficient of variation is in 
the lowest 10 % of the range of coefficient of 
variation are found in large areas in North America 
and northeastern Asia, in western Russia, mid-
South America, mid- Africa, Malaysia, eastern 
Australia and few areas in southern Europe and at 
the Antarctic coast south of South America, see 
figure 49. The areas in which the coefficients of 
variations are among the 10 % highest values in the 
coefficient of variation range are only found in 
Panama and the coastal region of Pakistan.  
9.6.1.6 Coefficient of variation  
– 10 % lowest and highest values 
The areas, in which the 10 % lowest values of 
coefficients of variations are found are in large 
areas of North America and northeastern Asia, see 
figure 50. In the equatorial regions are also found 
coefficients of variations within the lowest 10 % 
values along with few coastal areas along the 
eastern coast of Australia. Furthermore, a single 
area north of India and few places in the coast of 
Antarctica have coefficients of variations within 
Figure 48: The map shows the coefficients of variation for the 
precipitation. 
Figure 49: The map shows the areas in which the coefficients of 
variations for precipitation is in the lowest 10 % of the range of 
values, i.e. relatively stable, in blue color, and in the highest 
10% of the range of values, i.e. unstable, in red color. 
Figure 50: The map shows the 10 % most stable areas, in blue 
color, and the 10 % most unstable areas, in red color, based 
on the coefficients of variations. 
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the 10 % lowest values. 
The areas, in which the 10 % highest coefficients of variations values are found, are in the Panamanian 
region, the Saharo-Arabian region, northeast of the Caspian Sea, the Filipinas, Malaysia, Papua New Guinea, 
New Zealand and the central parts of Antarctica.  
9.6.2 Temperature 
9.6.2.1 Anomaly 
Few areas have pre industrial temperatures which 
on average were warmer than the precious time 
periods, and the areas are Australia, Japan, 
England and a few places in northern Europe, 
northern coast of Eurasia and the western coast 
of both North- and South America, see figure 51. 
All the mentioned areas have furthermore in 
common that the anomaly is very low, between -5 
and 0 °C. Much of the mid- North America along 
with much of Eurasia, northern Africa, the Middle 
East, India, Thailand, Malaysia, the Filipinas and 
few coastal regions of South America and Africa 
have average temperature anomalies through the 
time periods. The areas in which there have been 
much warmer on average in the previous time 
periods are central Greenland, the Himalayan 
regions and Antarctica. 
9.6.2.2 Standard deviation 
The standard deviation of the temperature through 
the six time period shows the same trends as the temperature anomalies, that in the areas of low anomaly 
the standard deviation is likewise low, and the areas in which the anomaly is high the standard deviation is 
also high, see figure 52. In short, the areas with the lowest standard deviations are found in North America, 
India and New Guinea. The areas with the highest standard deviations are in Greenland, Mid Andes, the 
Himalayan and Antarctica. 
Figure 51: The map shows the standard deviation of the 
average annual temperature for the six time periods. 
Figure 52: The map shows the standard deviation of the 
average annual temperature for the six time periods. 
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9.6.2.3 Accumulated percentage change 
The areas with the lowest accumulated percentage 
change are found along the western coast of North 
America, the Coastal areas at the Gulf of Mexico, 
the area around the Caspian Sea, the coast of India, 
the land areas in the South China Sea and New 
Zealand, see figure 53.  
North America has in the central- and northwestern 
parts general low accumulated percentage change 
in the temperature, ~3-9 %. In South America, Africa 
and Australia the accumulated percentage change in temperature has also been ~3-9 %. In most of the 
northern regions of Eurasia the accumulated percentage change in temperature have been between 9-12 %, 
but have also areas with an accumulated change in between 3-6 % and 12-18 %.  The areas with the highest 
amount of accumulated change are in the eastern 
regions of Greenland and in Antarctica south of 
Australia. 
 
9.6.2.4 Coefficient of variation 
The areas with the lowest coefficients of variations 
are in the coastal areas in the Gulf of Mexico, India 
and the land areas in the South China Sea, see 
figure 54. Areas with medium coefficients of 
variations, with respect to the range of 
coefficients of variations, are found in most of 
South America, Africa and Eurasia. The areas with 
the highest values of coefficients of variations are 
found in the mid- Greenland, Himalayan regions 
and in Antarctica. 
 
  
Figure 53: The map shows the accumulated percentage change 
in the average annual temperature through time. 
Figure 54: The map shows the coefficients of variation for the 
temperature. 
Figure 55: The map shows the areas in which the coefficients 
of variations for temperature is in the lowest 10 % of the 
range of values, i.e. relatively stable, in blue color, and in the 
highest 10% of the range of values, i.e. unstable, in red color. 
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9.6.2.5 Coefficient of variation – below 10 % / above 90% 
The areas in which the coefficients of variations are in the lowest 10 % of the range size of coefficient of 
variation, are found in most of the western part of North America, a few coastal areas in South America and 
Africa, Madagascar, western Europe and the Mediterranean area, the Middle East, India, the equatorial 
region above Australia, few coastal areas in northern- and southwestern Australia, New Zealand and a few 
coastal areas in Antarctica south of North America, see figure 55. The only areas in which the coefficients of 
variations were above 90 % of the range size are in Antarctica southeast of Africa.  
 
9.6.2.6Coefficient of variation – 10 % lowest and highest values 
The 10 % lowest areas are found mainly in the western 
regions of North America, and in the oriental regions 
from India and eastwards, see figure 56. Few other areas 
which are among the 10% lowest coefficient of variation 
values, are found in South America, Africa, the Middle 
East, Kamchatka, Australia, New Zealand and the coast 
of Antarctica.  
All of the 10% highest coefficients of variations values 
are found in the central parts of Antarctica, south of 
India. 
9.6.3 Average climatic values for each time period 
Maastrichtian is the age with the highest amount of 
precipitation within each grid cell, having an average 
value of ~764.6 mm/year, see figure 57. The average 
amount of precipitation decreased between 
Maastrichtian and Early Eocene by ~50 mm/year, 
resulting in an average global precipitation of ~713.6 
mm/year. In Chattian the average amount of 
precipitation decreased to ~561.8 mm/year. From 
Chattian to Miocene the average amount of 
precipitation dropped to ~498.6 mm/year, which the lowest average precipitation of the six time periods. 
In the Pliocene the amount of precipitation increased to ~635.9 mm/year. Subsequently the average global 
precipitation decreased to ~594.3 mm/year during the Pre Industrial era.  
Figure 56: The map shows the 10 % most stable areas, in 
blue color, and the 10 % most unstable areas, in red color, 
based on the coefficients of variations. 
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Figure 57: The figure shows the global average of annual 
precipitation and temperature, for each of the six time 
periods. The blue line represents the precipitation and the 
red line represents the temperature. 
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The trend of the average global temperature follows the same trend as the average global precipitation. 
The average global temperature was highest during Maastrichtian with ~ 9.3 °C. From Maastrichtian to 
Early Eocene the average global temperature dropped by ~1.5 °C, to an average temperature of ~7.8 °C. 
The average global temperature dropped in between Early Eocene and Chattian by ~9 °C, so the average 
temperature was ~-1.6 °C during Chattian. In Miocene the average global temperature had dropped further 
to ~6.9 °C, which is the coldest average temperature of the six time periods. During the Pliocene the 
average temperature had increased to ~-1.0 °C, and from the Pliocene to the Quaternary the temperature 
decreased to ~6.5 °C.  
 
9.6.4 Average coefficient of variation for each time period 
During Maastrichtian the global coefficient of 
variation of precipitation was ~75.6, see figure 58. 
In Early Eocene the coefficient of variation 
decreased to ~75.0, making it the lowest 
coefficient of variation value of the six time 
periods. From Early Eocene to Chattian the 
coefficient of variation for precipitation increased 
to ~88.2. The coefficient of variation increased 
further from Chattian to Miocene to a value of 
~92.2. In the Pre Industrial era the global 
coefficient of variation for precipitation increased to ~101.8, which is the highest value of the six time 
periods. 
The global coefficient of variation for temperature was lower during Maastrichtian than the other periods 
with a value of ~6. During Early Eocene the coefficient of variation was slightly higher with a value of ~6. 
From the Early Eocene to Chattian the value of the coefficient of variation for temperature had increased to 
~8.9.  The coefficient of variation Miocene was ~9.3 which makes it the highest coefficient of variation 
value of the six time periods. From Miocene to Pliocene the coefficient of variation value decreased to ~8.7, 
and then the value increased to ~9.3 the Pre Industrial era, slightly less than the value during Miocene.
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Figure 58: The figure shows the global coefficient for each time 
period, for both the precipitation, the blue line, and the 
temperature, red line. 
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9.6.5 Sum of precipitation 
The total amount of precipitation in mm/year 
during the Maastrichtian was ~94.000, see figure 
59. During Early Eocene the total amount of 
precipitation increased to ~103.000 mm/year, 
while the amount was ~86.000 mm/year during 
Chattian and ~79.000 mm/year. The highest 
amount of precipitation was during Pliocene with a 
value of ~110.000 mm/year. In the Pre Industrial 
era the total amount of precipitation decreased to 
~103.000 mm/year. 
 
9.6.6 Global average of anomaly 
The global average anomaly, with the 
Pre industrial period as the base line, 
with respect to precipitation was 
highest during Maastrichtian with a 
value of ~170.3 mm/year, which is ~ 
28.6 % more precipitation than in the 
Pre industrial era, see figure 60. In 
Early Eocene the anomaly had 
decreased to ~ 119.3 mm/year, ~ 
20.0 % more precipitation than 
during the Pre industrial period. The global anomaly during Chattian was ~ -32.5 mm/year, which is ~ 5.5 % 
less precipitation than during the Pre industrial period. In Miocene the anomaly was ~ -95.7 mm/year, 
which is equivalent to ~ 16.1 % less precipitation than during the Pre Industrial era. The anomaly in 
precipitation during Pliocene was ~41.6 mm/year, which is ~ 7 % more precipitation. 
The global anomaly with respect to temperature during Maastrichtian was ~ 15.8 °C, i.e. the average 
temperature was ~ 5.9 % warmer during the Maastrichtian than during the Pre Industrial era. The global 
anomaly in Early Eocene, with respect to temperature, was ~ 14.3 °C, ~ 5.4 °C warmer than the Pre 
Industrial era. In Chattian the temperature anomaly was ~ 4.9 °C, which is equivalent to 1.8 % warmer 
temperature during Chattian. During the Miocene the temperature anomaly was ~ -0.4 °C, which 
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Figure 59: The figure shows the sum of precipitation, the blue 
line, for each of the time periods.  
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Figure 60: The figure shows the global average anomalies for both precipitation, 
blue line, and temperature, red line. The baseline is Pre Industrial era. 
Page 62 of 78 
 
corresponds to ~ 0.2 % lower temperature than the Pre Industrial era. The temperature anomaly during the 
Pliocene was ~5.5 °C, which is equivalent to ~ 2.1 % higher temperature than during the Pre Industrial era. 
9.7 Compiling areas of stability and instability 
9.7.1 Areas of stability – Coefficients of variations below 10 % 
The results suggesting stable climate, shown in 
figures 27, 28, 49 and 55, were compiled to show 
which areas the parameters were consistent on 
predicting stable climate, see figure 61.  
The results show that only in Thailand did the all 4 
parameters show stability.  
In the equatorial regions of South America and 
Africa, along with a single area in North America, 
did 3 of the parameters suggest stable climate. 
2 parameters suggest stable climate in large areas 
in northwestern North America along with areas in 
the equatorial regions across the globe, in northern Africa, Europe, and eastern Asia. In vast areas in North 
America does 1 parameter suggest stable climate. 1 parameter also suggest stable climate in the tropical 
regions, southern Europe, Middle East, India, eastern Asia, Australia, New Zealand and Antarctica. 
9.7.2 Areas of instability – Coefficients of variations above 90 % 
The results suggesting unstable climate, shown in 
figures 27, 28, 49, 55, were also compiled, to show 
in which areas the parameters were consistent on 
predicting unstable climate, see figure 62. The 
areas is which 2 parameters suggest instability are 
found a few places in the coastal regions of North 
America, Afghanistan, northern New Zealand and 
a few places along the coast of Antarctica.  
The areas in which 1 parameter suggests instability 
are found n the northern regions of North America, 
northern India and China, Australia and Antarctica. 
Figure 61: The map shows the areas of stability, based on 4 
parameters. In the light green areas only one parameter 
indicates stable climate, while in the brown areas all four 
parameters used indicate stable climate. 
Figure 62: The map shows the areas in which the parameters 
indicate instability. Yellow color indicates that one parameter 
suggests unstable climate, while in the red areas two 
parameters indicate unstable climate. 
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In the central North America, however, are found few places of which 1 parameter suggests unstable 
climate, and similar conditions are found in South America, Africa and the northern parts of Eurasia.  
 
9.7.3 Areas of stability – 10 % lowest values coefficients of variations 
The results suggesting stable climate, shown in 
figures 27, 28, 50 and 56, were compiled to show in 
which areas the parameters were consistent on 
predicting stable climate, see figure 61. Only 
Thailand have an area in which all 4 parameters 
suggest stable climate, see figure 63. The areas in 
which there are 3 parameters which indicate 
climate stability are found mainly in the equatorial 
parts of South America, but are also found in North 
America and the equatorial part of Africa. The 
regions in which 2 parameters suggest climate 
stability are found mainly in the equatorial parts of 
the world, but are also found in North America, eastern Asia and a few coastal regions along the coast of 
Antarctica, south of South America. Most of North America is covered with areas in which 1 of the 
parameters suggests stable climate, except 
Greenland. The equatorial regions have also many 
areas in which 1 parameter suggest climate 
stability, alongside the Mediterranean region. In 
the Middle East, India, northeastern Asia, New 
Guinea and Antarctica have also areas in which 1 
parameter which indicate climate stability.  
 
9.7.4 Areas of instability – 10 % highest values of 
coefficients of variations 
The results suggesting unstable climate, shown in 
figures 27, 28, 50 and 56, were compiled to show in 
which areas the parameters were consistent on predicting unstable climate, see figure 64. In Panama and 
in one coastal area of Antarctica , south of Africa, does 3 of the parameters suggest unstable climate. The 
Figure 63: The map shows the areas of stability, based on 4 
parameters, in which one parameter differs from the analysis 
shown in figure 59. In the light green areas only one parameter 
indicates stable climate, while in the brown areas all four 
parameters used indicate stable climate. 
Figure 64: The map shows the areas in which the parameters 
indicate instability, in which one parameter differs from the 
analysis shown in figure 60. Yellow color indicates that one 
parameters suggests unstable climate, while in the red areas 
two parameters indicate unstable climate. 
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areas in which 2 of the parameters indicate unstable climate are mostly found in Antarctica, but are also 
found in the northern coastline of North America, Afghanistan, Kamchatka and northern New Zealand.
  
In Antarctica are also found large areas in which 1 parameter suggests unstable climate. Other areas which 
indicate unstable climate are the Panamanian area, the Rocky Mountains in North America, Greenland, the 
Saharo-Arabian region, the area around the Caspian Sea, Kamchatka, the Filipinas and Australia. 
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9.8 Wallace’s Zoogeographical regions 
9.8.1 BIOME4 
9.8.1.1 Age of biomes 
On average, 33% of the biomes in the 
emerged land masses, classified by the 
BIOME4 classification scheme, are 0 MY old 
which makes youngest biomes the most 
represented in the world, see figure 65. 21 % 
of the world biomes are 5 MY old, 21 % of 
the biomes are 10 MY old, 12 % of the 
biomes are 30 MY old, 5 % are 50 MY old, 
which makes the 50 MY old biomes the 
least represented biomes in the world, and 8 % 
of the world biome are 65 MY old. 
The zoogeographical region which has the highest percentage cover the oldest biomes, 65 MY old, is the 
Neotropical region, with a coverage of 20 %, while the Afrotropical region has the second highest 
percentage cover of 65 MY old biomes with 18 % coverage. The regions which have had none 65 MY old 
biomes are the Madagascan-, Oceanian-, Sino-Japanese- and Saharo-Arabian regions. Furthermore neither 
the Oceanian- nor the Saharo-Arabian regions have had biomes which are 50 MY old, and even further the 
Oceanian region have had no biomes which are 30 MY old.  
All the regions have recent biomes, 0 MY old, in which the highest percentage coverage are 43 % for the 
Sino-Japanese- and the Neotropical region. 
The Madagascan- and the Oceanian 
regions have the lowest percentage 
coverage of 0 MY old biomes, with a 
percentage of 20 %.  
The Nearctic-, Neotropical-, Afrotropical-, 
Oriental-, Australian- and the Palearctic 
regions have all biomes within each age 
category, while Oceanian only have the 
three youngest biome age categories 
Figure 65: The map shows the biome ages within each of the 
zoogeographical regions, based on the BIOME4 classification scheme. 
Figure 66: The map show the number of changes of biomes within each 
zoogeographical region, based on the BIOME4 classification scheme. 
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represented, the Panamanian- along with the Madagascan- and the Saharo-Arabian regions have four age 
categories represented while the Sino-Japanese have five age categories represented.   
 
9.8.1.2 Changes in biomes 
On a global average, 8 % of the land cover has had no changes of biomes through the six time periods. 22 % 
of the land cover have had 1 change of biomes, 32 % have had 2 changes which makes 2 changes of biomes 
the most represented case on a global scale, see figure 66. 24 % of the land cover has had 3 changes of 
biomes, 11 % of the land cover has had 4 biome changes and 3 % of the land cover had had 5 biome 
changes, i.e. a biome change in between each of the six time periods.  
The Neotropical region have the highest percentage of coverage with none changes of biomes, 20 %, while 
the Panamanian region has the highest percentage of coverage with 5 changes, 12%. Only the Nearctic-, 
Panamanian,- Neotropical,- Afrotropical-, Oriental-, Australian- and Paleartic regions have areas which have 
had no biome changes through the six time periods, and only the Madagascan-, Oriental- and the Oceanian 
regions have areas in which there have not been biome change in between each time step, i.e. 5 biome 
changes.  
All regions, except the Madagascan- and the Oceanian region, have five or six of the categories, of number 
of climate changes, while the Madagascan region have only 1 or 3 changes represented, and the Oceanian 
region have 1, 2, 3 and 4 changes represented.  
 
9.8.2 Holdridge  
9.8.2.1 Ages of biomes 
On a global average 29 % of the biomes, 
classified according to Holdridge classification 
scheme, are 0 MY old, which makes the 0 MY 
old biomes the most represented on Earth, 
see figure 67. 19 % of the biomes are 5 MY 
old, 21 % are 10 MY old and 8 % of the 
biomes are 30 MY old, which makes the 30 
MY old biomes the least common on Earth. 
Furthermore 10 % of the biomes are 50 MY 
old, while 13 % of the biomes are 65 MY old, 
which makes the 65 MY old biomes more 
common than the biomes which are either 30 
Figure 67: The map shows the biome ages within each of the 
zoogeographical regions, based on the Holdridge classification scheme. 
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or 50 MY old.  
The Neotropical region is the region with the highest percentage of 65 MY old biomes with 39 %, while the 
next highest percentage of coverage of 65 MY old biomes is in the Afrotropical region with 24 %. Neither 
the Panamanian-, Madagascan-, Oceanian- nor the Sino-Japanese regions have biomes which are 65 MY old. 
In the Madagascan- and the Sino-Japanese region the oldest biomes are 50 MY old, while in the 
Panamanian- and the Oceanian region the oldest biomes are 10 MY old.  
The region with the highest percentage of 0 MY old biomes is the Australian region, with a coverage of 52 %. 
The only region which has no biomes that are 0 MY old is the Oceanian region. The Panamanian-, 
Madagascan-, Oceanian and the Sino-Japanese regions are the only regions which have not all six age 
categories represented. The Panamanian region have only two biome ages represented, the Panamanian- 
and the Madagascan region while the Sino-Japanese have five biome ages represented. 
 
9.8.2.2 Changes in biomes 
On a global average, 13 % of the land cover 
has had 0 biome changes, 23 % of the land 
cover has had 1 change of biomes while 30 % 
of the land cover has had 2 changes, which 
makes 2 changes the most common case, 
see figure 68. 22 % of the global land cover 
has 3 changes, 9 % of the land cover has had 
4 changes and 3 % has had 5 changes, which 
makes 5 changes the least common case.  
The Neotropical region has the highest 
percentage land cover that has had 0 
changes of biomes on 39 %. The 
Panamanian-, Madagascan-, Oceanian- and Jino-Japanese regions have had no land cover with 0 changes of 
biomes. The Panamanian region is the regions with highest percentage of land cover which have had 5 
biome changes, while the Australian- and Sino-Japanese regions have 7 % of their land cover with 5 biome 
changes. The Madagascan-, Oriental- and Oceanian regions have 0 % land cover which have had 5 biome 
changes, and while the Nearctic region, on the chart, have 0 % of its land cover which have had 5 changes 
of biomes, it has 1 grid cell of the total 185 grid cells, in the Nearctic region, which has had 5 biome changes 
through the six time periods.  
 
Figure 68: The map show the number of changes of biomes within each 
zoogeographical region, based on the Holdridge classification scheme. 
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9.8.3 Köppen-Geiger 
9.8.3.1 Age of biomes 
Based on the Köppen-Geiger classification 
scheme, 19 % of the biomes are 0 MY old, 24  
of the biomes are 5 MY old, 11 % of the biomes 
are 10 MY old, 8 % of the biomes are 30 MY old, 
13 % of the biomes are 50 MY old and 25 % of 
the biomes are 65 MY old, which makes the 
oldest biomes the most abundant of the 
biomes, see figure 69. The zoogeographical 
region is the region with the highest 
percentage of old biomes, with 56 % of the 
biomes being 65 MY old. The Neotropical region 
has the second highest percentage of 65 MY old biomes, with 49 %. In both the Palearctic- and the 
Panamanian region 23 % biome are 65 MY old, while in the Nearctic region 16 % of the biomes are 65 MY 
old.  
Neither the Madagascan, Australian nor the Oceanian regions have biomes which are 65 MY old. In the 
Madagascan region the oldest biomes are 50 MY old, while in Australia the oldest biomes are 30 MY old 
and in the Oceanian region the oldest biomes are 5 MY old.  
The regions with the highest percentage of young biomes, 0 myo., is the Sino-Japanese, with 45 %.  In the 
Oriental region 37 % of the biomes are young 
biomes, while 28 % of the biomes in Saharo-
Arabian region are young, 21 % of the biomes 
in Nearctic are young and 18 % of the biomes 
in Palearctic are young.  
 
9.8.3.2 Changes in biomes 
On a global average, 24 % of the land cover 
has experienced 0 changes of biomes, see 
figure 69, i.e. 24 % of the biomes are 
considered stable. 27 % of the land cover has 
experienced 1 change in biomes, which makes 
one change in biomes the most common, 23 % percent has experienced 2 changes, 18 % has had 3 changes, 
Figure 69: The map shows the biome ages within each of the 
zoogeographical regions, based on the Köppen-Geiger classification 
scheme. 
Figure 70: The map show the number of changes of biomes within each 
zoogeographical region, based on the Köppen-Geiger classification 
scheme. 
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7 % has had 4 changes while 1 % of the land cover has experienced 5 changes in biomes. 
The zoogeographical region which has been most stable, i.e. 0 changes in biomes, is the Afrotropical region, 
with 56 %. The Neotropical region is also a very stable region with 49 %. Other zoogeographical regions 
with high percentage of stable climate is the Nearctic-, Panamanian-, and Palearctic region. 
The Nearctic- and the Sino-Japanese regions are the only which have highly unstable climate, i.e. 5 changes 
in biomes. All regions, except the Panamanian- and the Oceanian region have experienced 4 changes in 
biomes. 
 
9.8.4 Coefficient of variation  
9.8.4.1 Precipitation 
For the coefficient of variation for precipitation, most regions, except the Oceanian -, Panamanian - and 
Panamanian regions, have had average values of ~50-60, while the three mentioned regions have had 
coefficient of variation values above 100, see figure 71. The Madagascan-, Ocenanian and the Sino-
Japanese regions are the regions with the lowest variation within their coefficients of variations, while the 
Panamanian has the highest variation. The lowest coefficient of variation values are found among the 
Neotropical -, Australian -, Afrotropical -, Nearctic - and Palearctic regions with values ~10. The Saharo-
Arabian- and the Panamanian regions have the highest coefficient of variation values, which are above 200. 
Regions that have their highest coefficient of variation values between 150 and 200 are the Australian-, 
Afrotropical-, Oceanian-, Nearctic and Palearctic regions.  
Outliers are found in most regions except the Madagascan- and Sino-Japanese regions. The Oceanian- and 
the Panamanian region are the only regions in which the outliers are lower than the lower whisker, while in 
the other cases the outliers are above the upper whisker. The Nearctic- and the Palearctic are the regions 
with most outliers.   
Figure 71: The map shows the coefficients of variation for precipitation within each zoogeographical region. The plot box plots 
show the median, the lower and upper quartile, whiskers and outliers. 
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9.8.4.2 Temperature 
The Oceanian region has the lowest average coefficient of variation, ~0.5, see figure 72. The Madagascan-, 
Oriental-, Panamanian-, and the Nearctic regions have the second lowest average coefficients of variations 
with values ~1. The Palearctic region the is region with the highest average coefficient of variation, ~3.2, 
while the Sino-Japanese regions has the second highest average on ~2.9.  
The Sino-Japanese region the region which has the highest variation within the values of coefficients of 
variations, with an upper quartile of ~4.2, average value of ~2.7, and a lower quartile of ~2, and 
furthermore the Sino-Japanese region has the highest calculated coefficient of variation, ~6.1.  
The lower- and upper quartile for all regions except the Sino-Japanese region are < 1 coefficient of variation 
apart.  
The Madagascan-, Oceanian-, Panamanian- and Sino-Japanese regions have no outliers. 
The Australian region have only two outliers below the lower whisker, the Neotropical have an outlier 
below the lower whisker and several outliers above the upper whisker. The Afrotropical-, Oriental-, Saharo-
Japanese-, Nearctic and Palearctic have all a few, or one, outliers above the upper whisker. 
 
Figure 72: The map shows the coefficients of variation for precipitation within each zoogeographical region. The plot box plots 
show the median, the lower and upper quartile, whiskers and outliers. 
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10 Discussion 
The tropical conservatism hypothesis, TCH, states that the latitudinal diversity gradient is a result of the 
tropical regions having existed for the longest time, and that the tropical regions have had the biggest 
extent through the ages, hence species have had longer time and space for speciation. By classifying the 
climate according to three classification schemes and calculating the extent of biomes, I show that the 
tropical climate has been the most dominating climate through the six time periods, by having the biggest 
extent through time. These results are in accordance with results found in literature (Condamine, Sperling, 
Wahlberg, Rasplus, & Kergoat, 2012; Jetz & Fine, 2012; Mittelbach et al., 2007; Scotese, 2001; Wiens & 
Donoghue, 2004).  
By calculating the age of the biomes, my results show that vast regions in the tropics have both 50- and 65 
MY old. biomes, which also supports the TCH. But, my results also show that vast regions in North America 
have 50-65 MY old biomes. A study by Morley (2007) suggests that the tropical biomes reach Alaska during 
the Early Eocene. Morley used climatically sensitive lithologies, primarily evaporites, bauxites and coals, to 
reconstruct the climate. Furthermore Morley (2007) found that the tropical biomes had receded to Meso 
America during the Oligocene (the epoch previous to Miocene). Hence the temperate biome in North 
America could be no more than 23-34 MY old.  
These inconsistencies between my results and Morley (2007), supports Craggs et al. (2012) findings, that 
the AOGCMs used in my study predicts too cold a climate in the higher latitudes during the Maastrichtian, 
but most likely also during the Early Eocene. This bias in the AOGCM could simulate a temperature climate 
in areas, where lithologies suggest tropical climate, which would explain my results. 
However, a study made by Crowley (2012), which reconstructs biomes in the past, by using different 
general circulation models, than used in my study, and lithologies, also found 65 MY old temperate biomes 
in the same regions of North America as my results suggest. This result suggests that other factors than 
biome age and extent are also affecting species richness patterns.  
 
Crowley (2012) found that the tropical biomes were not well established during the Maastrichtian. In fact, 
only a very small area north South America, the coastline of West Africa and few areas in the equatorial 
regions south of today’s China are classified as tropical biomes in Maastrichtian by Crowley (2012). Hence 
my results, which find that the tropical biomes in the equatorial regions are 65 MY old, does not match the 
results found by Crowley (2012).  
Crowley (2012) found that first in the Paleocene/Eocene transition, 56 MY ago, is the tropical climate 
established in the equatorial regions. In contrast, Morley (2007) found that the tropical biomes in the 
equatorial regions were well established during the Maastrichtian, which is in accordance with my results. 
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The discrepancy between the results found by Morley (2007) and Crowley (2012) could be due to biases in 
the models used by Crowley (2012). Regardless, this suggest that my results are correct, and that the model 
bias is not affecting the climate simulation in that latitude of North America, or it could suggest that the 
models used by Crowley (2012) have the same tendency to overestimate cold climate in higher latitudes. 
According to the TCH the oldest biomes and biggest biomes would harbor most species. Since my results 
show a vast area of temperate biomes in North America, the TCH would predict high species richness in 
that area. However, the results of Mcinnes et al. (2013) and Jenkins et al. (2013) do not show high species 
richness in North America. Mcinnes et al. (2013) mapped the species distribution for all 5425 known 
monocots, a flowering plant, while Jenkins et al. (2013) mapped the distribution of all known birds, all 
known mammals and all known amphibians. Mcinnes et al. (2013) and Jenkins et al. (2013) both show that 
the species richness is highest in the tropical regions. Moreover they both show that the northern South 
America has the greatest extent of species richness. 
The coefficients of variations for annual precipitation show that the largest stable areas are located in 
North America and north eastern Asia. The Amazonian region and the Central/East Africa also show large 
areas of stability of annual precipitation. The vast areas of stability in precipitation in the northern 
hemisphere do not mirror high species richness.  
For the coefficients of variations for temperature, North America comes out as a very stable region. Neither 
the tropical regions of South America nor Africa are among the most stable regions. These results 
contradict the main expectations arising from the TCH, since the region with the highest species richness in 
the world is not among the most stable regions. North America is the most stable region with respect to 
precipitation, temperature and biome ages, but does not harbor a plethora of species. Zanazzi et al. (2007) 
found that there was a drop in the mean annual temperature during the transition between the Eocene 
and the Oligocene (~33.5 MY ago.) on 8.2 ± 3.1 °C. This huge drop in temperature should have been visible 
either in the calculations of the accumulated percentage change in temperature or in the coefficients of 
variations in North America. However, my results do not indicate any major change in the temperature in 
North America as a likely result of a lack of a paleoclimatic simulation for the transition between the 
Eocene and the Oligocene. After the drop in mean annual temperature during the Eocene-Oligocene 
transition, the mean annual temperature increased again ~24 MY ago (Zachos et al., 2001). BRIDGE might 
then have simulated the climatic conditions during the Chattian after the mean annual temperature had 
risen again, which might explain my results. Another reason for this pattern could be, that the tropical 
regions in South America and Africa have had bigger drops in temperature between the Eocene and the 
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Oligocene than North America, hence the coefficients of variations would come out as more stable in North 
America than in South America and Africa.  
The TCH states that one would expect higher species richness in older biomes. From my results on the 
zoogeographical regions, I show that the regions which, in general across the classification schemes, have 
the highest percentage of very old biomes are the Neotropical, Afrotropical, Oriental and Nearctic regions. 
Both Mcinnes et al. (2013) and Jenkins et al. (2013) show that the species richness are high in the 
Neotropical, Afrotropical and the Oriental regions, but not in the Nearctic region. The result for the Nearctic 
region does not fit the expectations of the TCH. If Morley (2007) results holds (that the North American 
biomes can be no more than 23-34 MY old), the Nearctic region would not be among the regions with the 
highest percentage of very old biomes. However, if Crowley (2012) is correct, the oldest biomes would be in 
North America, and most of the tropical regions would be 55 MY old.  
My results indicates that the Oceanian region, which has high species richness (Jenkins, Pimm, & Joppa, 
2013; Mcinnes et al., 2013), has predominantly young biomes.  This was not expected, but when looking at 
the areas of the BRIDGE data and the data projected by PointTracker, the reason for this discrepancy 
between my results and the expectation become clearer. In the Oceanian region there are large 
inconsistencies between the data extents. The grid cells that lies in the Oceanian region, have three and 
four mismatches between the land extents, hence the biomes in this region can at most be 5 and 10 MY old, 
according to my analyses. 
My results also indicate that the regions with the highest percentage, > 25 %, of 0 and 1 biome changes are 
the Nearctic, Panamanian, Neotropical, Afrotropical, Orient and the Palearctic. For the Panamanian-, 
Neotropical-, Afrotropical- and the Panamanian regions this support the TCH, but not for the Nearctic- and 
the Palearctic region. 
The regions with the lowest coefficients of variations for precipitation are the Neotropical, Nearctic and the 
Palearctic, i.e. these are the most stable regions with respect to precipitation.  
For temperature, the region with the lowest coefficient of variation is the Oceanian region. However, the 
Madagascan-, Oriental-, Panamanian- and the Nearctic regions also stand among the most stable areas 
with respect to Temperature. 
Looking only at the percentage of very old biomes in the zoogeographical regions, my results indicate that 
the Neotropical region is the oldest. The Afrotropical region comes off with the second highest percentage 
of very old biomes. However, the Panamanian-, Oriental-, Madagascan- and the Oceanian regions do not 
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have high percentage of very old biomes. Furthermore, the Nearctic region also has a high percentage of 
very old biomes, hence the TCH is only partially supported by the high percentage of very old biomes. 
 The Nearctic region comes out as the most stabile region, when compiling the parameters for climate 
stability. From the TCH one would expect the Nearctic region should have high, possibly the highest, 
species richness. This is not the case. These are very interesting results, which suggest than other factors 
than climate stability plays a role in the distribution of species richness. 
By combining paleoclimatic simulations and PointTracker, it is possible to track individual grid cells across 
deep time, i.e. accounting for continental drift. This enables more qualitative analyses of the spatio-
temporal patterns of the historical climate. Since species evolve and speciate over millions of years, and are 
dependent on the climate, this method is a helpful tool in investigate how the climate affect species, e.g. 
how the spatio-temporal patterns the historical global climate affects the current distributional patterns of 
species.  
One bias of my method is that the extent of land, recreated by Scotese (2001) and used as boundary 
condition in the paleoclimatic simulation made by BRIDGE, are not the same. This may result in 
inconsistencies between the positions of the projected grid cells and the paleoclimatic simulations, as seen 
with the grid cells in the Oceanian zoogeographical region.  
If BRIDGE used the land extent reconstructed by Scotese (2001) as boundary conditions for the 
paleoclimatic simulation, this method would be improved. 
This method of estimating climate stability across deep time, using PointTracker, is restricted to the 
number of paleoclimatic simulations available. Hence further research should focus on getting more 
paleoclimatic simulations from different periods in the geological past, in order to make more detailed 
analyses of the climate through deep time.    
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11 Conclusion 
From my results, I conclude that the tropical conservatism hypothesis not fully explains the large scale 
distributional patterns of species.  
My results suggest that the most climatically stable and oldest region, with respect to biomes, is North 
America. Since North America does have a plethora of species, this result does not support the tropical 
conservation hypothesis.    
But, my results also suggest that the tropical biomes have had biggest accumulated extent through time, 
and that the region with the highest species richness on Earth, South America, is the region with the 
highest percentage of 65 million year old biomes. These results do support the tropical conservatism 
hypothesis. 
Furthermore, I conclude from my results that a high percentage of very old biomes, 65 million years old in 
my study, is a better indicator for high species richness than climate stability, and that other factors than 
climate stability play a role in shaping the large scale distributional patterns of species. 
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